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PREFACE  TO  FIRST  EDITION. 


IT  has  been  the  aim  of  the  author,  in  preparing  this  work,  to  furnish  a 
series  of  books  that  shall  be  of  practical  value  to  all  who  have  to  do 
with  building  operations,  and  especially  to  architects,  draughtsmen  and 
builders.  In  .this  volume  an  attempt  has  been  made  to  describe  those  ma- 
terials and  methods  of  construction  that  come  within  the  ordinary  province 
of  the  carpenter,  or  are  usually  included  in  the  carpenter's  specifications. 

In  treating  the  various  subjects  that  come  within  the  scope  of  the  book,  the 
descriptive  method  used  in  Part  I,  with  numerous  illustrations,  has  been 
followed,  as  this  appears  to  be  the  most  practical  method  of  accomplishing 
the  end  in  view.  But  little  space  has  been  given  to  methods  of  determining 
the  strength  of  materials,  these  having  already  been  sufficiently  covered  in 
various  works  treating  particularly  of  such  matters,  the  especial  aim  of  the 
author  being  rather  to  show  how  the  various  kinds  of  work  should  be  done, 
what  materials  should  be  used  and  how  the  parts  of  buildings  should  be 
put  together. 

To  do  this  in  a  manner  that  would  be  of  sufficient  practical  value  to  war- 
rant its  being  done  at  all,  has  required  the  making  of  a  large  number  of 
detail  drawings,  which,  while  they  have  greatly  increased  the  labor  of  prep- 
aration and  delayed  the  publication,  will,  the  author  dares  to  believe,  prove 
of  great  assistance  to  the.  young  architect  and  draughtsman,  and  he  trusts  of 
some  value  to  experienced  architects  and  builders. 

The  illustrations  may  not  be  considered  as  models  of  draughtsmanship,  but 
on  a  small  scale  are  such  as  are  usually  required  in  making  working  draw- 
ings and  in  explaining  the  method  of  construction  to  be  pursued.  It  is  hoped 
that  their  value  may  be  in  proportion  to  the  labor  and  thought  that  have 
been  expended  upon  them. 

The  various  materials  employed  by  the  carpenter,  or  with  which  he  usually 
has  to  do,  have  also  been  carefully  considered,  with  the  view  of  enabling  the 
architect  and  builder  to  employ  them  wisely,  and  to  distinguish  between 
the  various  kinds  and  qualities. 

An  especial  effort  has  been  made,  in  describing  different  forms  of  con- 
struction, not  to  follow  entirely  the  methods  of  one  section  of  the  country, 
but  rather  to  give  the  different  methods  pursued  by  different  architects  and 
in  different  localities,  contrast  them,  and  bring  out  their  relative  advantages. 
In  this  the  author  has  been  greatly  assisted  by  many  prominent  architects, 
and  by  his  own  experience  in  both  the  Eastern  and  Western  portions  of  the 
country. 

The  method  of  paragraphing  the  subjects  followed  in  Part  I  has  been 
retained,  partly  for  convenience  in  making  cross  references  and  also  for 
greater  convenience  in  the  class  room.  Much  pains  have  been  taken  to  make 
the  Index  as  complete  as  possible,  using  the  most  suggestive  terms,  so  that 
any  subject  may  readily  be  found. 

•  •  • 
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iv  PREFACE. 

In  referring  to  the  supervision  of  the  work  the  author  has  attempted  to 
call  attention  to  the  defects  commonly  found  in  building  materials  and  to 
inferior  methods  of  construction,  and  various  ways  in  which  the  work  is 
often  slighted. 

The  general  duties  of  a  superintendent  have  been  so  well  set  forth  in  Mr. 
T.  M.  Clark's  well-known  work,  "Building  Superintendence,"  that  it  seems 
unwise  to  go  more  fully  into  this  part  of  the  subject,  especially  as  the  best 
preparation  for  efficient  supervision  is  a  thorough  knowledge  of  how  the 
work  should  be  done,  and  that  the  author  has  tried  to  impart. 

There  are  so  many  patented  articles  and  devices  used  in  connection  with 
the  carpenter's  work  that  are  not  only  desirable,  but  often  absolutely  neces- 
sary to  the  proper  equipment  of  a  building,  and  with  which,  therefore,  the 
architect  should  be  acquainted,  that  it  has  been  necessary  to  describe  or  refer 
to  quite  a  number,  but  only  such  have  been  recommended  as  have  been  thor- 
oughly investigated,  or  which  the  author  has  successfully  used  in  his  own 
practice. 

In  conclusion,  the  author  wishes  to  acknowledge  the  great  assistance  he 
has  received  from  various  architects,  and  especially  from  Prof.  C.  A.  Martin, 
of  Cornell  University,  in  regard  to  various  details  of  construction,  and  also 
from  several  manufacturers  of  builders*  hardware  for  information  and 
illustrations. 

The  author  will  appreciate  any  suggestions  that  may  be  made  looking  to 

the  improvement  of  future  editions,  or  any  corrections  of  errors  that  may  be 

discovered. 

F.  E.  KIDDER. 

Denver,  August  i,  i8g8. 


PREFACE  TO  REVISED  EDITION. 

THE  conditions  under  which  the  work  of  the  revision  of  "Building-Con- 
struction and  Superintendence,  Part  II,  Carpenters'  Work/'  was 
undertaken  were  similar  to  those  which  obtained  in  the  revision  of 
Part  I,  ''Masons'  Work."  One  of  the  paragraphs  of  the  preface  to  the  new 
edition  of  this  latter  work  expresses,  in  general,  these  circumstances;  and, 
as  they  are  much  the  same  for  both  books,  the  paragraph  mentioned  is 
quoted  here.  With  the  words  "Masonry-Construction"  changed  to  "Car- 
pentry-Construction," it  explains  clearly  the  purpose  of  this  treatise  and  the 
policy  of  the  author  of  the  revision. 

"In  offering  this  new  edition  of  'Building-Construction  and  Superintend- 
ence, Part  I,  Masons'  Work,'  to  the  public,  the  author  of  the  revision  has 
constantly  borne  in  mind  the  original  purpose  of  the  book  as  set  forth  by 
Mr.  Kidder  in  the  preface  to  the  first  edition.  He  has  endeavored  to  bring 
it  down  to  the  present  day  in  such  form  that  it  will  continue  to  hold  a  high 
place  as  one  of  the  standards  of  the  best  contemporary  practice  in  the  ele- 
ments of  architectural  masonry  construction  and  superintendence.  While  he 
has  endeavored  to  explain  the  principles  of  the  subject  in  a  way  that  may 
be  readily  understood  and  followed  by  all  who  are  in  any  way  connected 
with  or  interested  in  building  operations,  whether  architects,  engineers,  con- 
tractors, students,  artisans  or  the  general  public,  he  has,  at  the  same  time, 
tried  to  set  forth  these  principles  and  methods  of  procedure  in  a  scientific 
manner,  preserving  and  further  strengthening  the  purpose  of  the  work,  not 
only  as  a  hand-book  for  professional  and  commercial  use  and  reference,  but 
also  as  a  text-book  for  schools  and  colleges.  He  must  leave  it  to  those 
who  use  the  revised  work  to  decide  the  measure  of  his  success." 

The  author  of  the  new  "Carpenters'  Work"  has  endeavored  to  make  it  a 
better  book  on  American  practice  in  this  branch  of  building-construction 
than  any  heretofore  published.  It  is  much  more  than  a  mere  revision.  The 
original  matter  has  been  almost  doubled  in  amount  and  the  book  has  been 
literally  rewritten  from  beginning  to  end.  Instead  of  five  hundred  and 
twenty-five  figures,  the  former  number,  there  are  eight  hundred  and  thirty, 
and  as  many  so-called  "figures"  have  from  two  to  a  dozen  separate  diagrams, 
the  new  book  has  over  one  thousand  illustrations  of  carpentry-construction. 

The  number  of  tables  has  been  more  than  doubled,  having  been  increased 
from  twenty- four  to  fifty. 

The  author  of  the  revision  has  taken  the  greatest  pains  to  have  all  data 
accurate  and  authoritative  and  has  written  more  than  three  thousand  let- 
ters to  collect  and  verify  information  bearing  upon  the  work.  References 
to  the  sources  of  information  are  given  wherever  possible,  either  in  the  text 
or  in  footnotes. 
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In  order  to  make  the  treatise  a  onit,  it  was  deemed  necessary,  after  the 
new  or  revised  matter  was  classified,  edited  and  put  in  place,  to  rearrange, 
recast  and  often  to  entirely  rewrite  the  matter  relating  to  unchanged  facts, 
thus  making  the  phraseology  and  general  style  of  presentation  the  same 
throughout. 

A  careful  examination  of  every  article  in  the  book,  and  a  revision  of 
every  one  in  which  changes,  omissions  or  additions  of  data  or  methods  of 
procedure  were  considered  necessary  or  advisable,  constituted  an  important 
part  of  the  work  included  in  the  work  of  bringing  out  the  new  edition. 
Some  articles  have  been  omitted  and  many  new  ones  added.  Some 
chapters  have  been  entirely  rewritten.  An  analysis  of  the  matter  of  each 
chapter  has  been  made  and  a  corresponding  classification  added  in  the 
form  of  numbered  chapter-subdivisions.  Descriptive  captions  have  been 
added  to  every  article  and  to  every  figure.  The  number  of  each  chapter  has 
been  added  to  the  page-caption  of  every  left-hand  page  in  order  to  facilitate 
the  finding  of  cross-references,  which  have  been  greatly  increased  in  number. 

An  unusually  comprehensive  Index  has  been  added  and  the  form  of  the 
Table  of  Contents  is  such  that  all  general  data  of  the  text  or  any  particular 
article  may  be  readily  found  from  it.  Readers  should  consult  the  Table  of 
Contents  as  frequently  as  the  Index,  the  latter  being  used  for  more  detailed 
or  specific  reference. 

Chapter  I,  *The  Building  and  Finishing-Woods  of  the  United  States," 
has  been  entirely  rewritten  and  much  enlarged  and  no  pains  have  been 
spared  to  make  it  an  authoritative,  comprehensive  and  useful  treatment  of 
the  subject  in  a  condensed  and  convenient  form. 

Chapter  II,  "Wood  Framing,"  has  been  much  enriched  with  new  drawings 
of  timber  framing,  beam  and  girder-supports  and  connections,  partition-con- 
struction, roof-construction,  dormer  and  eyebrow-windows,  etc 

Chapter  III,  "Sheathing,  Frames,  Sashes  and  Glazing,"  contains  much  new 
text-matter  and  new  illustrations  relating  to  window-frames  and  door-frames 
of  all  kinds  for  frame  or  masonry  walls ;  transoms ;  casement,  revolving  and 
pivoted  sashes;  and  oriel  windows.  It. contains,  also,  entirely  new  matter, 
copiously  illustrated,  on  Modern  Store-Front  Construction.  The  subject  of 
Window-Glass  and  Glazing,  including  sheet  glass,  plate  glass,  figured  glass, 
prism-glass,  and  wire-glass  and  glass  for  skylights,  mirrors,  etc.,  has  been 
brought  down  to  date  by  leading  manufacturers  and  others  to  whom  the 
matter  of  the  various  subdivisions  has  been  submitted. 

Chapter  IV,  "Outside  Finish  and  Roofing,"  contains  many  pages  of  new 
descriptive  matter  and  an  unusually  large  number  of  new  figures  explaining 
the  details  of  the  construction  of  outside  wood  finish.  The  subjects  of 
Eaves,  Cornices  and  Gutters,  and  of  Porches  and  Piazzas  especially,  are 
amplified  by  many  new  illustrations,  and  much  has  been  added  to  the  sub- 
ject of  Dormers,  Skylights  and  Roofing.  All  data  referring  to  Metal  work 
in  its  relation  to  woodwork,  including  metal  roofs,  flashings,  snow-guards, 
etc.,  has  been  thoroughly  revised. 

Chapter  V,  "Interior  Woodwork,"  has  been,  in  many  parts,  rearranged, 
and  all  the  matter  reclassified.  Much  new  data  and  numerous  new  illus- 
trations have  been  added,  especially  matter  relating  to  the  subjects  of  Prep- 
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arations  for  Tile  Floors;  Metal  Corner-Beads;  and  Veneered,  Patented  and 
Revolving  Doors.  The  subjects  of  Metal  Doors,  Sashes,  Frames  and  Trim 
are  introduced  for  the  first  time,  with  many  constructional  details  and  exam- 
ples from  contemporary  work,  and  a  brief  history  of  the  development  of 
this  important  type  of  interior  finish  is  added.  The  whole  subject  of  Inside 
Shutters,  Blinds  and  Coiling  Partitions  has  been  submitted  to  various  ex- 
perts and  authorities  and  revised  in  all  its  details.  The  subject  of  Wood 
Flooring  has  been  entirely  rewritten,  as  the  methods  em'ployed  in  this 
branch  of  building-construction  have  been  revolutionized  since  the  first  edi- 
tion of  this  book  was  published.  This  division  of  Chapter  V  has  much  new 
matter,  relating  especially  to  Widths,  Thicknesses  and  Lengths  of  Flooring, 
Grading-Rules,  Amount  of  Flooring  Required,  Methods  of  Laying  and  Nail- 
ing, Parquet  and  Parquetry  Flooring  and  Flooring  for  Fire-Proof  Buildings. 

Chapter  VI,  "Builders*  Hardware,"  is  another  chapter  that  has  been  vir- 
tually rewritten  in  bringing  it  down  to  date.  The  detailed  matter  in  it  has 
been  submitted  to  five  of  the  leading  hardware-manufacturers,  who  have 
revised,  added  or  omitted  data  wherever  necessary  to  make  the  information 
authoritative.  In  addition  to  this,  different  divisions  of  the  subject  dealing 
with  various  hardware  specialties  have  been  sent  to  representative  experts 
in  those  special  details.  Many  new  drawings  have  been  made  to  clearly 
illustrate  the  mechanism  or  application  of  different  fixtures.  In  addition  to 
the  thorough  revision  of  finished  hardware,  even  the  matter  relating  to 
Rough  Hardware,  such  as  Nails,  Screws,  Bolts,  Sash-Cords,  Chains,  Rib- 
bons, Weights  etc.,  has  been  passed  upon  by  recognized  experts  in  each  of 
these  specialties.  The  diflFerent  Methods  of  Specifying  Hardware  are  ex- 
plained more  fully  than  ever  before  in  any  work  in  Carpentry-Construc- 
tion, and  the  various  Forms  of  Hardware-Specifications  are  added,  with  a 
comparison  of  their  relative  advantages  and  disadvantages. 

Chapter  VII,  "Heavy  Framing,"  contains  new  matter  relating  especially 
to  the  framing  of  Non-Fire-Proof  Stores,  Warehouses,  etc..  Metal  Columns 
and  Connections  of  Floor-Joists  to  Girders.  New  articles,  with  descriptive 
text  and  numerous  illustrations,  and  relating  to  joints  in  Heavy  Wood 
Framing,  and  new  text  and  figures  illustrating  the  construction  of  Sidewalk- 
Platforms,  Bridges  and  Sheds,  have  been  added;  and  the  entire  chapter- 
subdivision  on  Mill-Construction  has  been  rewritten  and  copiously  illus- 
trated with  new  drawings  taken  from  the  most  approved  contemporary 
practice. 

Chapter  VIII,  "Specifications,"  has  been  rearranged,  its  matter  submitted 
to  different  authorities  on  the  different  subjects  considered,  reclassified  and 
redivided  into  numbered  and  captioned  articles,  and  changed  throughout  to 
make  it  uniform  in  its  phraseology.  A  model  specification  on  Painters' 
Work,  which  it  is  hoped  will  prove  of  value  to  the  architectural  profession 
and- which  has  been  generally  commended  by  the  associations  of  house- 
painters  and  decorators,  is  added  for  the  first  time. 

The  Appendix,  comprising  thirty-nine  Tables  and  much  useful  data  relating 
to  the  Strength  of  Materials,  has  been  greatly  expanded.  It  is  divided  into 
seventeen  subdivisions  treating  of  the  Strength  and  Stiffness  of  Wooden, 
Stone  and  Concrete  Beams  and  the  Safe  Loads  for  the  same;  the  Maximum 
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Spans  for  Floor- Joists,  Ceiling- Joists  and  Rafters;  the  Strength  of  Wooden, 
Cast-fron  and  Steel-pipe  Columns;  the  Ultimate  and  Working- Stresses  for 
Wood  and  Other  Building  Materials;  the  Building  Laws  of  different  cities 
relating  to  Unit  Stresses  for  Woods;  the  Tensile  Strength  of  Rods;  the 
Tests  of  the  Adhesive  Resistance  of  Nails;  and  an  illustrated  critical  article 
by  the  late  Mr.  F.  E.  Kidder  on  the  Selection  and  Design  of  Joist-Hangers 
and  Wall-Hangers. 

Throughout  the  entire  revision  the  writer  has,  wherever  possible,  referred 
to  the  sources  of  information,  either  in  foot-notes  or  in  the  body  of  the  text 
itself.  When  necessary,  the  names  and  addresses  of  manufacturers  of  and 
dealers  in  materials  and  appliances  used  in  carpentry-construction  have  been 
given.  To  all  who  have  assisted  in  any  way,  the  author  of  the  revision 
wishes  to  express  his  thanks. 

He  desires  to  acknowledge  his  indebtedness  to  many  architects,  engineers 
and  members  of  the  faculties  of  the  Schools  of  Architecture,  and  especially 
to  Professor  Francis  W.  Chandler,  Professor  Clarence  A.  Martin,  Professor 
Charles  P.  Warren  and  Mr.  Frank  M.  Snyder  for  permission  to  redraw  and 
adapt  for  use  in  the  new  edition  many  valuable  illustrations  taken  from  their 
own  works  on  carpentry-construction;  to  Mr.  Henry  S.  Harvey,  Mr.  G.  O. 
Stedman  and  Mr.  L.  G.  Lyman,  for  work  on  new  illustrations;  and  to 
Mr.  H.  A.  Blogg  and  Mr.  T.  Z,  Talley  for  most  valuable  assistance  through- 
out in  collecting  and  arranging  material,  and  in  proof-reading  and  indexing. 

The  writer  is  much  indebted,  also,  to  Mrs.  F.  E.  Kidder  for  many  helpful 
suggestions  pertaining  to  the  revision  of  the  work. 

THOMAS  NOLAN. 
Philadelphia,  Pa.,  August,  1913, 
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struction  and  finishing  conies  from  what  are  known  as  "exogenous" 
trees,  or  those  which  increase  in  size  by  the  formation  of  new  wood 
each  year  on  the  outer  surface.  "Endogenous"  trees,  such  as  the 
palm  or  bamboo,  are  those  which  increase  from  within.  Exogenous 
trees  are  covered  with  a  more  or  less  scaly  material  called  "bark," 
which  envelopes  the  wood  and  is  removed  in  the  process  of  manu- 
facture into  "lumber."     Bark  is  unusual  on  endogenous  trees. 

The  wood  of  these  trees  is  made  up  of  bundles  of  long  tubes, 
cells  and  fibers,  the  long  axes  of  which  are  generally  parallel  to  the 
stem  of  the  tree.  Crossing  these  fibers  in  a  radial  direction  from 
the  pith  to  the  bark  are  others  known  as  "pith-fibers"  or  "medullary 
rays,"  serving  to  bind  the  whole  together.     Besides  these   wood 


Fig.  2.  Block  of  Oak.  CS. 
crou-Kctioni  FS.  radial  tec- 
lion;  TS.  Isngcnliii  »«lion: 
mr.  medullary  or  pith-ray;  a, 
height,  b,  width  and  c,  length 
Fig.  1.     Wood-Fiber>  and  Hedu1lu7  Raj*.  of  a   pilh-ray. 

fibers  there  are  resin-ducts  scattered  through  the  wood  of  the  pines 
and  spruces,  and  hollow  ducts  or  vessels  in  the  wood  of  the  broad- 
leaved  trees. 

These  fibers  and  ducts  vary  in  different  kinds  of  trees  in  shape 
and  disposition,  thus  giving  rise  to  differences  in  structure ;  and  it  is 
often  by  microscopical  examination  alone  that  the  structure  of  dif- 
ferent varieties  of  the  same  species  of  wood  can  be  determined. 

The  structure  of  the  wood  determines  to  a  large  extent  its  ap- 
pearance when  finished,  and  has  a  marked  influence,  also,  upon  its 
physical  and  mechanical  properties. 

Fig.  I  shows  a  bundle  of  wood  fibers,  a  b,  highly  magnified,  with 
the  pith-rays  or  medullary  rays,  c  d,  running  at  right-angles  to  them. 

Fig.  2  shows  a  block  of  oak,  not  magnified,  in  which  the  medul- 
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lary  rays  are  very  prominent.  They  occur  in  all  woods  but  are  not 
generally  noticed  in  the  soft  varieties.  They  give  the  peculiar  sil- 
ver-mottled effect  seen  in  quarter-sawed  oak,  and  add  much  to  the 
appearance  of  most  of  the  hardwoods.  They  form,  also,  a  large  part 
of  the  wood  of  all  trees,  some  of  the  pines,  for  example,  having  over 
15,000  to  one  square  inch  of  tangential  section ;  and  even  in  the  oaks 
the  very  large  rays,  which  are  readily  visible  to  the  eye,  represent 
scarcely  a  hundredth  part  of  the  number  which  the  microscope  re- 
veals. Besides  affecting  the  appearance  of  the  wood  the  medullary 
rays  greatly  affect,  also,  its  shrinkage  and  checking  in  seasoning  and 
have  much  to  do  with  its  strength. 

3.  GROWTH  OF  THE  TREE.  The  process  of  growth  of 
exogenous  trees  in  a  temperate  climate  is  as  follows : 

*'In  the  spring  the  roots  absorb  from  the  soil  juices,  which  are  converted 
inta  sap  and  ascend  through,  the  cellular  tubes  to  form  the  leaves.  At  the 
upper  surface  of  the  leaves  the  sap  gives  off  moisture,  absorbs  carbon  from 
the  air  and  becomes  denser.  After  the  leaves  are  full-grown,  vegetation  is 
suspended  until  autumn,  when  the  sap  in  its  altered  state  descends,  chiefly 
between  the  wood  and  the  bark,  where  it  deposits  a  layer  of  new  wood 
(the  annual  ring  for  that  year),  a  portion  at  the  same  time  being  absorbed 
by  the  bark.  The  new  wood  thus  formed  covers  all  parts  of  the  stem  and 
branches." 

As  the  tree  increases  with  age  the  inner  layers  become  choked 
or  filled  with  the  secretionary  substance  peculiar  to  the  tree  and  fall 
out  of  use,  except  as  they  perform  the  mechanical  function  of  keep- 
ing the  tree  from  breaking  under  its  own  weight  or  from  the 
force  of  the  wind.  This  process  of  growth,  therefore,  produces 
two  kinds  of  wood  in  the  same  tree :  the  "sap-wood"  and  the  "heart- 
wood." 

Practically  speaking,  the  sap-wood  of  trees  is  that  portion  of  the 
wood  in  which  the  cells  are  open  to  the  upward  pressure  of  the 
sap.  It  varies  in  width  and  in  the  number  of  rings  which  it  con- 
tains, even  in  different  parts  of  the  same  tree.  It  varies,  also,  con- 
siderably in  different  kinds  of  trees,  being  small  in  amount  in  the 
hardwoods,  long-leaf  pines  and  white  pines,  and  large  in  the  loblolly 
and  Norway  pines.  The  sap-wood  possesses  little  strength  and  is 
subject  to  rapid  decay,  owing  to  the  great  quantity  of  fermentable 
matter  contained  in  it. 

4.  ANNUAL  RINGS.  The  layers  of  wood  formed  each  year 
appear  as  rings  on  the  cross-section  of  the  log,  and  by  counting 
them  the  age  of  that  portion  of  the  tree  may  be  determined. 

The  width  of  these  yearly  rings  varies  greatly  in  different  trees 
and  also  in  different  parts  of  the  same  tree.    The  average  width 
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of  the  rings  in  well-grown  old  white  pine  will  vary  from  H2  to 
Ws  of  an  inch,  while  in  the  more  slowly  growing  long-leaf  pine  it 
may  be  from  \^  to  ^/io  of  an  inch.  While  these  rings  are  approxi- 
mately circular  in  shape,  it  is  very  seldom  that  they  form  true  cir- 
cles; usually  they  are  oval  and  at  the  stump  they  commonly  form 
an  irregular  figure. 

"The  greater  regularity  or  irregularity  of  the  annual  rings  has  much  to 
do  with  the  technical  qualities  of  the  timber." 

S.  SPRING-WOOD  AND  SUMMER-WOOD.  If  the  an- 
nual rings  are  examined  closely  it  will  be  noticed  that  each  ring  is 
made  up  of  an  inner,  softer,  light-colored  portion,  and  an  outer, 
firmer  and  darker-colored  portion.  Being  formed  in  the  earlier 
part  of  the  season,  the  inner,  light-colored  part  is  termed  the 
"spring-wood,"  and  the  outer,  darker  portion  the  "summer-wood" 
of  the  ring. 

The  summer-wood  is  much  firmer  and  heavier  than  the  spring- 
wood,  and  hence  the  greater  the  proportion  of  summer-wood  to  the 
total  volume,  the  greater  will  be  both  the  weight  and  strength  of 
the  timber.  The  darker  shade  of  the  summer-wood  modifies  also 
the  color  of  the  entire  piece,  and  in  the  pines  this  color-effect  affords 
a  valuable  aid  in  distinguishing  the  heavy  and  strong  from  the  light 
and  soft  woods. 

In  some  trees  like  the  hard  pines  the  dark  summer-wood  ap- 
pears as  a  distinct  band,  so  that  each  yearly  ring  is  composed  of 
two  sharply  defined  bands,  an  inner  band  of  spring-wood  and  an 
outer  band  of  summer-wood.  But  in  some  cases,  even  in  hard  pines, 
and  normally  in  the  wood  of  white  pines,  the  spring-wood  passes 
gradually  into  the  darker  summer-wood,  so  that  a  sharply  defined 
line  appears  only  where  the  spring-wood  abuts  against  the  summer- 
wood  of  its  inner  neighbor.  It  is  this  clearly  defined  line  which 
enables  the  eye  to  distinguish  even  the  very  narrow  rings  in  old  pines 
and  spruces. 

In  a  pine  board,  sawed  from  near  the  center  of  a  log,  the  spring- 
wood  and  summer-wood  will  appear  about  as  shown  in  Fig.  3,  an 
inner,  lighter  strip  and  its  outer,  darker  neighbor  always  correspond- 
ing to  one  annual  ring.  If  the  tree  were  perfectly  straight  and 
the  rings  of  uniform  thickness,  the  spring- wood  and  summer- wood 
would  appear  as  parallel  bands  on  the  face  of  a  board ;  but,  owing  to 
the  irregularity  of  the  growth,  the  two  kinds  of  wood  usually  form 
a  variety  of  pleasing  patterns  on  the  face  of  bastard-sawed  lumber. 
Where  a  saw-cut  passes  through  a  bump  or  crook  of  a  log,  irregular 
concentric  circles  and  ovals  are  produced,  and  on  almost  all  bas- 
tard-sawed boards  arrow  or  V-shaped  forms  occur. 
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6.  SOFTWOODS  AND  HARDWOODS.  Although  there  is 
no  universally  recognized  dividing  line  between  these  two  classes 
of  woods,  the  "softwoods"  are  usually  cut  from  the  coniferous  or 
needle-leaved  trees  such  as  the  pine,  spruce  and  cedar,  and  the 
"hardwoods"  from  the  broad-leaved  trees  such  as  the  oak,  ash  and 
hickory. 

"Though  alike  in  their  manner  of  growth,  and  therefore  similar  in  their 
general  make-up,  conifers  and  broad-leaved  trees  differ  markedly  in  the  de- 
tails of  their  structure  and  character  of  their  wood.    The  wood  of  all  coni- 


fers is  very  simple  in  its  structure,  the  fibers  composing  tlie  main  part  of 
the  wood  being  all  alike  and  their  arrangement  regular.  The  wood  of 
broad-leaved  trees  is  complex  in  structure;  it  is  made  up  of  several  differ- 
ent kinds  of  cells  and  fibers  and  lacks  the  regularity  of  arrangement  peculiar 
to  the  conifers."  •  t 

Between  the  softwoods  and  the  hardwoods  there  is  no  sharply  de- 
fined distinction  in  hardness ;  some  of  the  hardwoods,  such  as  bass- 
wood,  poplar  and  sycamore  being  softer  than  some  of  the  pines. 
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''Both  in  the  number  of  different  species  or  kinds  of  trees  and  still  more 
in  the  importance  of  their  products  the  conifers  and  broad-leaved  trees  far 
excel  the  palms  and  their  relatives."  * 

a.    PHYSICAL  PROPERTIES  AND  CHARACTERISTICS 

OF  TIMBER. 

7.  GRAIN  OF  WOOD.  In  common  usage  wood  is  said  to  be 
"coarse-grained"  when  its  annual  rings  are  wide  and  "fine-grained" 
when  they  are  narrow.  The  term  "fine-grained"  is  sometimes  ap- 
plied, also  to  those  woods  which  take  a  high  polish,  this  depending 
chiefly  on  their  hardness.  When  the  direction  of  the  fibers  is  paral- 
lel to  the  axis  of  the  stem  or  limb  the  wood  is  "straight-grained," 
and  when  the  course  of  the  fibers  is  spiral  or  twisted  around  the 
tree  the  wood  is  "cross-grained."  Sometimes  the  fibers  take  the 
shape  of  fine  waves,  when  the  wood  is  said  to  be  "wavy-grained" 
or  "curly-grained,"    The  latter  is  frequently  seen  in  maple. 

The  surface  under  the  bark  of  a  tree  is  not  generally  uniform 
and  smooth,  there  being  a  greater  or  less  number  of  elevations  or 
depressions ;  and  the  same  is  true  of  the  layers  in  the  interior.  In 
some  woods  these  depressions  or  elevations  remain  in  only  a  few 
layers,  while  in  others  they  increase  from  year  to  year.  On  tangent 
boards  of  such  woods  the  sections  of  these  pits  and  prominences 
appear  as  small  circles  and  give  rise  to  beautiful  figures.  In  maple 
the  tendency  to  preserve  any  particular  contour  is  very  great,  and 
as  the  depressions  and  elevations  are  usually  small  and  very  numer- 
ous, they  appear  on  the  face  of  the  boards  as  very  fine  circlets,  and 
hence  the  term  "bird's-eye"  maple.  The  branches  or  limbs  of  a 
tree,  also,  aflfect  the  grain  and  appearance  of  boards  cut  through  or 
near  them. 

"At  the  juncture  of  a  branch  with  the  stem  of  a  tree  the  fibers  on  the 
upper  and  lower  sides  of  the  branch  behave  differently.  On  the  lower  side 
they  run  from  the  stem  into  the  limb,  forming  an  uninterrupted  strand  or 
tissue  and  a  perfect  union,  as  showrt  in  Fig.  4,  On  the  upper  side  the  fibers 
bend  aside  and  are  not  continuous  into  the  limb." 

Owing  to  this  arrangement  of  the  fibers  the  cleft  made  in  splitting 
never  runs  into  a  knot  if  started  above  the  limb,  but  is  apt  to  enter 
the  knot  if  started  below.  When  limbs  die,  decay  and  break  off, 
the  remaining  stubs  are  surrounded  and  finally  covered  by  the 
growth  of  the  trunk.  As  long  as  these  knots  preserve  their  natural 
color  they  are  not  classed  as  "dead"  knots,  but  they  are  dead,  never- 
theless, from  the  point  where  they  cease  to  be  united  with  the  living 
wood.     Dead  knots  in  pine  and  spruce  almost  always  become  loose, 

•  Bulletin  No.  10,  "Timber."  U.  S.  Department  of  Agriculture,  Division  of  Forestry. 
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so  that  when  the  log  is  sawed  into  boards  the  sections  of  the  knots 
drop  out. 

If  an  ax  is  struck  into  a  piece  of  wood, 
as  shown  in  Fig.  5,  the  cleft  projects 
some  distance  beyond  the  blade,  the  proc- 
ess being  not  one  of  cutting,  but  of  over- 
coming the  tension  across  the  grain. 
The  cleft  will  extend  some  distance  be- 
yond the  ax  if  the  wood  is  very  elastic. 
Splitting  is  therefore  aided  by  the  elas- 
ticity and  resisted  by  the  shearing 
strength  of  the  material.  Wood  splits 
more  easily  and  naturally  along  the 
radius  or  in  the  direction  of  the  pith-rays, 

"On  a  cross-section  of  oak,  the  same  ar- 
rangement of  pith  and  hark,  of  sap-wood  and 
heart-wood,  and  the  same  disposition  of  the 
wood  in  well  defined  concentric  or  annual 
rings  occur ;  but  the  rings  are  marked  by 
lines,  or  rows,  of  conspicuous  pores  or  open- 
ings which  occupy  the  grealer  part  of  the 
spring-wood  of  each  ring  (Fig.  2),  and  are, 
in  fact,  the  hollows  of  vessels  through  which 
the  cut  has  been  made.  On  the  radial  section, 
or  quarter-sawed  board,  the  several  layers  ap- 
pear as  so  many  parallel  stripes   (Fig.  6)  ;  on 

the  tangential  section  or  'bastard'  face,  patterns    ^"f^orl^ion^r/'fh,  ct^n°°.1  Ba^w'Sf 
similar   to   those    men-       »  H"'t.  '''  '*''''  "*  '""'  "'" 
tioned    for    pine    wood        of  wood;'  ab'  knot  ot  haul  pari 
of     *  limb    which     lived     tour 


■nd  hrol 


observed. 
while   the    patterns    i 
hard  pine  are  marked       [rJ''t„rtW%»"'to' .hrrirt. 

by  the  darker  summer-         a    "dfad"     knot,    which    would 
J  J  haic  been  won  tniirely  covered 

wood  and  are  com-  b^  ,he  BrowinE  stem, 
posed  of  plain,  alter- 
nating stripes  of  darker  and  lighter  wood,  the  figures 
in  oak,  and  other  broad-leaved  woods,  are  due  chiefly 
to  the  vessels,  those  of  the  spring-wood  in  oak  be- 
ing the  most  conspicuous  (Fig.  6) ;  so  that  in  an 
oak  table  the  darker,  shaded  parts  are  (he  spring-wood 
and    the    lighter,    uni -colored    parts    the    summer- 

The  tensile  and  compressive  resistance  of  wood  is  also  much  af- 
fected by  the  position  of  the  grain.     The  perfectly  cross-grained 

•  BdletiD  No.  10.  "Tbaber,"  V.  S.  Department  of  AKricullure,  Dlviiiou  of  Fore«ti7. 
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piece,  a,  Fig.  7,  sustains  but  from  about  one-tenth  to  one-twentieth 
of  the  load  which  is  supported  by  the  straight-grained  piece  c;  and 
it  is  evident  that  the  piece  b,  which  repfesents  the  ordinary  case  of 


Thick  Flank  of  Oak   ii 


cross-grain,  is  likewise  weakened  by  the  obhque  position  of  the 
grain. 

This  explains  the  detriinenlal  influence  of  a  knot  on  the  under  side 


of  a  board,  as  in  Fig.  8.  Since  the  lower  side  of  the  board,  in  bend- 
ing, is  stretched  and  the  upper  side  compressed,  the  fibers  of  the 
lower  side  are  subjected  to  tension  and  the  wood  of  the  knot,  like  the 
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piece  of  cross-grained  wood,  offers  little  resistance.  G>nimonly, 
the  defect  is  greatly  increased  by  a  season-check  in  the  knot  itself; 
so  that  the  knot  affects  the  strength  of  a  board  just  as  a  saw-cut  of 
equal  depth  affects  it. 

8.  COLOR  AND  ODOR  OF  WOOD.  The  Color  of  Wood. 
This  enhances  its  beauty^  aids  in  its  identification  and  is  of  great  as- 
sistance in  judging  its  quality.  Each  variety  of  wood  has  its  own 
peculiar  color,  at  least  for  the  heart-wood;  and  this,  when  known, 
furnishes  a  reliable  distinguishing  mark.  Newly  formed  wood,  like 
that  of  the  few  outer  rings,  has  little  color.  In  all  trees  the  sap- 
wood  is  generally  light  in  color,  and  in  the  hardwoods  there  is  often 
a  great  difference  in  the  color  of  the  sap-wood  and  heart-wood. 
The  color  of  good  timber  should  be  uniform  throughout  the  heart- 
wood  ;  for  when  the  wood  is  blotchy  or  varies  much  in  color  from  the 
heart  outward,  or  suddenly  becomes  pale  toward  the  limit  of  the  sap- 
wood,  it  is  probably  diseased. 

'When  wood  is  attacked  by  fungi  it  becomes  more  opaque,  loses  its  bright- 
ness and  in  practice  is  designated  'dead'  as  distinguished  from  'live'  or  bright 
timber.  Exposure  to  air  darkens  all  wood;  direct  sunlight  and  occasional 
moistening  hasten  this  change  and  cause  it  to  penetrate  more  deeply.  Pro- 
longed immersion  has  the  same  effect,  pine  wood  becoming  a  dark  gray, 
while  oak  changes  to  a  blackish  brown." 

The  Odor  of  Wood.  The  odor  is  caused  by  chemical  sub- 
stances contained  in  it,  but  which  form  no  part  of  the  wood-substance 
itself.  Exposure  to  weather  reduces  and  often  changes  the  odor, 
but  most  of  the  softwoods  exhale  apparently  as  much  odor  as  ever 
when  a  fresh  surface  is  exposed.  Many  kinds  of  wood  are  distin- 
guished by  strong  and  peculiar  odors,  which  aid  in  identifying  the 
variety,  and  in  some  cases  give  the  wood  a  peculiar  value.  Decom- 
position is  usually  accompanied  by  pronounced  odors,  decaying  pop- 
lar emitting  a  disagreeable  odor,  while  red  oak  often  becomes  frag- 
rant, its  scent  resembling  that  of  heliotrope. 

9.  RESONANCE  OF  WOOD.  If  a  piece  of  timber  is  struck 
with  a  hammer  a  sound  is  emitted  which  varies  in  pitch  and  char- 
acter with  the  shape  and  size  of  the  piece,  and  also  with  the  kind  and 
condition  of  the  wood.  A  dull,  heavy  sound  indicates  decay.  Knots 
and  irregularities  in  structure,  also,  affect  the  character  of  the  sound 
emitted.  Thin  boards  may  be  set  vibrating  by  sound-waves  pro- 
duced in  the  air.  This  property  is  utilized  in  the  construction  of 
many  musical  instruments,  in  architecture  in  the  construction  of 
sounding-boards  and  to  reinforce  the  voice  of  speakers  or  the  music 
of  choirs  or  orchestras.  The  property  possessed  by -a  sounding- 
board  of  responding  freely  to  all  the  notes  of  an  instrument  or  of  the 
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human  voice  depends,  first,  upon  the  structure  of  the  wood  and, 
secondly,  upon  its  uniformity  throughout.  Sounding-boards  should 
be  made  as  thin  as  practicable;  and  the  wood  should  be  free  from 
knots,  cross-gfrained  or  resinous  tracts  and  thoroughly  and  carefully 
seasoned. 

Almost  all  our  broad-leaved  woods  are  excluded  from  use  for 
sounding-boards  because  of  their  irregularity  of  structure.  Many 
of  the  conifers  are  excluded  because  of  lack  of  strength.  Spruce 
is  the  favored  resonance-wood  and  is  used  for  sounding-boards  in 
pianos  and  violins. 

10.  WEIGHT  OF  WOOD.  The  weight  of  any  particular  piece 
of  wood  depends  upon  two  main  factors:  the  proportion  of  wood- 
substance  contained  in  the  piece  and  the  amount  of  water  contained 
in  the  wood.  The  weight  of  the  wood-substance  is  practically  the 
same  in  all  woods,  about  one  and  six-tenths  times  the  weight  of 
water.  As  the  wood  cells,  however,  are  in  most  cases  filled  with 
air,  they  reduce  the  weight  of  the  wood  and  cause  it  to  float.  When 
wood  is  immersed  in  water  for  a  long  time  the  water  soaks  into  the 
cells ;  and  when  most  of  these  become  filled  it  sinks. 

When  the  wall  of  wood  fiber  is  very  thick  the  wood  sinks  whether 
the  cells  are  empty  or  not.  As  the  proportion  of  wood-substances  in 
the  dark  bands  of  summer-wood  is  much  greater  than  in  the  lighter 
colored  spring-wood,  it  follows  that  those  woods  which  contain  the 
greatest  proportion  of  summer-wood  are  the  heaviest.  The  dif- 
ference in  the  weight  of  green  wood  and  that  which  has  been  sea- 
soned IS  due  to  the  quantity  of  sap  contained  in  the  cells  of  the  green 
wood.  Green  timbers  usually  weigh  from  one-fifth  to  nearly  one- 
half  more  than  dry  timbers ;  ordinary  building  timbers,  tolerably  sea- 
soned, one-sixth  more. 

In  a  thrifty  young  pine  the  wood  is  lightest  at  the  center  of  the 
tree  and  grows  gradually  heavier  toward  the  bark;  in  an  old  oak 
the  reverse  is  true.  The  weight  of  wood  is  in  itself  an  important 
quality.  It  assists  in  identifying  different  woods,  and  light  weight, 
when  coupled  with  great  strength  and  stiffness,  makes  a  wood 
especially  valuable  for  many  purposes.  To  a  large  extent,  also, 
weight  indicates  the  strength  of  wood,  at  least  of  the  same  species. 
For  any  g^ven  species  of  timber  and  for  any  given  degree  of  dry- 
ness, the  strength  is  almost  directly  proportionate  to  the  weight. 

The  weight  of  kiln-dried  wood  of  different  species  is  given  by  Mr. 
Roth  as  follows,  the  first  column  indicating  the  kind  of  wood,  the 
second  column  the  specific  gravity  or  density,  the  third  column  the 
weight  of  one  cubic  foot  and  the  fourth  the  weight  of  i,ooo  feet  of 
lumber : 
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TABLE  I. 
Approximate  Weight  of  Kiln-dried  Wood  of  Different  Species. 


Kind  of  wood. 

Specific 
gravity 

or 
density. 

Weight. 

One 
cubic 
foot. 

1,000  feet 

of 
lumber. 

(a)     Venr  heavy  woods: 

Hickory,    oak,    persimmon,    osage    orange, 
black  locust,  hackberry,  blue  beech,  best 
of  elm  and  ash 

.64—1.07 

.51—  .04 

.31—  .85 

.81—  .86 
.81—  .60 

Pounds. 

41—54 
36—46 

80—44 

24—41 

20—80 

Pounds, 
Average. 

8,700 
8,200 

2,70* 

2,200 
1,800 

(b)  Heavy  woods: 

Ash,    elm,    cherry,    birch,    maple,    beech, 
walnut,  sour  gum,  coffee  tree,  honey  lo- 
cust, best  of  southern  pine  and  tamarack 

(c)  Woods  of  medium  weight: 

Southern  pine,  pitch-pine,  tamarack,  Doug- 
las fir,  western  hemlock,  sweet  gum,  soft 
maple,     sycamore,     sassafras,     mulberry, 
light  grades  of  birch  and  cherry 

(d)  Light  woods: 

Norway  and  bull  pine,  red  cedar,  cypress, 
hemlock,  the  heavier  spruces  and  firs,  red- 
wood,    bass  wood,     chestnut,     butternut, 
tulip,    catalpa,    buckeye,    heavier    grades 
of  poplar 

(c)     Very  light  woods: 

White  pine,  spruce,  fir,  white  cedar,  poplar 

_  _. . — . . 

The  weight  of  ordinary  lumber  as  found  in  lumber-yards  will  generally 
average  ZZ  pcr  cent  heavier  than  the  above  values.* 


II.    MOISTURE  IN  WOOD.t    This  article  is  taken  largely 
from  the  bulletins  of  the  United  States  Department  of  Agriculture. 

**Water  may  occur  in  wood  in  three  conditions:  (i)  It  forms  over  90 
per  cent  of  the  life-giving  contents  of  the  living  cells;  (2)  it  saturates  the 
walls  of  all  cells,  and  (3)  it  entirely,  or  at  least  partly,  fills  the  cavities  of 
the  lifeless  cells,  fibers  and  vessels.  In  the  sap-wood  of  pine  it  occurs  in 
all  three  forms;  in  the  heart-wood  it  merely  saturates  the  walls.  Of  100 
pounds  of  water  associated  with  100  pounds  of  dry-wood  substance  in 
200  pounds  of  fresh  sap-wood  of  white  pine,  about  35  pounds  are  needed 
to  saturate  the  cell-walls,  less  than  5  pounds  are  contained  in  the  living 
cells  and  the  remaining  60  pounds  partly  fill  the  cavities  of  the  wood-fibers. 
This  latter  forms  the  sap  as  ordinarily  understood.  It  is  water  brought 
from  the  soil,  containing  small  quantities  ^of  mineral  salts;  and  in  certain 
species  of  trees,  such  as  maple  and  birch,  it  contains  also,  at  certain  times, 
a  small  percentage  of  sugar  and  other  organic  matter.  These  organic  sub- 
stances are  the  dissolved  reserve-food,  stored  during  winter  in  the  pith- 
rays  of  the  wood  and  bark;  but  generally  but  a  mere  trace  of  them. is  to  be 

•See  Tables  XXXIV  and   XXXV,   Appendix. 

t  Bulletin  No.  10,  "Timber,"  U.  S.  Department  of  Agriculture,  Division  of  Forestty. 
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found.  From  this  it  appears  that  the  solids,  such  as  albumen,  gum,  sugar, 
etc.,  contained  in  the  sap,  cannot  exercise  the  influence  on  the  strength  of 
the  wood  that  is  sometimes  claimed  for  them.'' 

In  all  exogenous  trees  the  wood  next  to  the  bark  contains  the  most 
water  and  the  center  of  the  tree  the  least.  In  trees  forming  heart- 
wood  the  change  from  a  moist  to  a  drier  condition  is  usually  quite 
abrupt  at  the  sap-wood  limit;  thus  in  long-leaf  pine  the  wood  of 
the  outer  inch-thickness  of  the  tree  may  contain  50  per  cent  of 
water,  that  of  the  next  inch  only  35  per  cent  and  that  of  the  heart- 
wood  only  20  per  cent. 

Different  trees,  even  of  the  same  kind  and  from  the  same  place, 
differ  as  to  the  amount  of  water  they  contain.  A  thrifty  tree  con- 
tains more  water  than  a  stunted  one,  and  a  young  tree  more  than 
an  old  one ;  while  the  wood  of  all  trees  varies  with  the  season  of  the 
year  in  its  moisture-relations.  In  the  living  tree  of  certain  species 
and  at  certain  seasons,  the  sap  will  flow  when  the  tree  is  tapped ;  but 
from  boards,  timber,  etc.,  the  water  does  not  flow  out  under  normal 
conditions,  but  must  be  evaporated.  When  the  tree  contains  clefts 
or  shakes,  water  will  sometimes  flow  from  them  when  the  tree  is 
sawed  into  lumber.  From  every  sappy  wood,  water  is  forced  out 
whenever  the  wood  is  warmed. 

Before  the  living  wood  can  be  made  suitable  for  building  or  other 
mechanical  purposes  most  of  the  moisture  which  it  contains  must 
be  eliminated.  If  the  sap  is  not  expelled  or  dried  up  it  putrefies  and 
causes  decay.  After  a  tree  is  cut,  if  left  in  a  dry  place,  the  mois- 
ture will  gradually  evaporate;  and  as  this  takes  place  the  wood 
shrinks  and  often  cracks.  Hence  it  is  desirable  that  the  wood  should 
shrink  all  it  is  going  to  before  it  is  put  into  a  building  or  piece  of 
furniture. 

3.    SEASONING  AND  DRYING  OF  TIMBER. 

12.  AIR-SEASONING  OR  NATURAL  SEASONING.  Sea- 
soning is  simply  evaporating  the  sap  and  moisture  contained  in  the 
green  wood,  either  by  natural  or  artificial  means.  The  drier  the 
timber  the  less  likely  it  is  to  decay  or  shrink. 

After  a  log  is  converted  into  lumber,  the  boards,  planks  or  timbers 
are  "stacked"  in  the  lumber-yard  in  a  dry  place  under  cover.  In 
building  the  stacks  the  pieces  are  laid  in  courses  or  layers,  usually 
about  6  feet  wide,  and  i-inch  strips  are  placed  between  the  layers  so 
that  the  air  will  circulate  through  the  stack.  The  lower  layer  should 
be  at  least  2  feet  above  the  ground.  Fig.  9  shows  a  well-built  pile  of 
tupelo,  with  a  five-section  foundation  and  five  series  of  cross-strips. 
It  requires  a  long  time  for  wood  to  season  in  the  open  air,  and  it 
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never  becomes  sufficiently  dry  to  answer  for  fine  interior  finishing 
or  for  furniture. 

Framing-timber,  however,  is  seldom  dried  in  any  other  way,  and 
as  it  is  not  often  allowed  to  stay  in  the  yard  for  more  than  three 
or  four  months,  most  of  it  used  jn  the  frame,  floors  and  partitions 
of  ordinary  buildings  is  generally  comparatively  green,  the  seasoning 
being  completed  in  the  building.  It  is  the  shrinkage  of  lumber  due 
to  this  final  seasoning  that  causes  most  of  the  cracks  in  the  interior 
of  buildings  having  wooden  floors  and  partitions.     To  prevent  these 


Fig.  9.    WeU-BuUI  Lumbci-PUc 

cracks  it  is  generally  desirable  that  a  building  should  be  commenced 
in  the  spring,  so  that  its  frame  may  season  during  the  warm,  dry 
weather  of   summer. 

Sometimes,  in  the  natural  seasoning-process,  the  wood  is  immersed 
'.a  water  for  about  two  weeks  and  then  dried  as  in  the  air-process. 
This  immersing  in  water  removes  the  soluble  substances  in  the  sap- 
vrood  and  the  timber  is  less  liable  to  crack  or  warp ;  but  the  heart- 
wood  becomes  brittle  and  loses  its  elasticity.  If  immersed  too  long 
tl.e  wood  will  become  "brashy"  on  exposure  to  the  air. 

FbT  special  cases  in  which  well-seasoned  lumber  is  very  desirable, 
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as  in  truss-timbers  or  beams  supporting  brickwork,  a  search  through 
the  lumber-yards  will  sometimes  result  in  finding  a  few  pieces  that 
have  been  seasoning  for  several  years.  Some  railway  corporations 
and  large  manufacturing  concerns  keep  a  stock  of  lumber  con- 
stantly on  hand,  so  that  it  may  remain  in  the  stack  several  years  be- 
fore using. 

13.  KILN-DRYING.  As  it  is  impossible  to  season  wood  by 
natural  means  so  that  it  will  not  shrink  when  put  in  a  building  that 
is  to  be  kept  warm  and  dry,  it  is  necessary  to  dry  by  artificial  means 


Fig.   IS.    Method  of  Piling  od  b  Truck  LuDibcr  to  be  run  into  Kiln. 

all  lumber  that  is  to  be  used  for  finishing  or  in  the  manufacture 
of  furniture.  For  this  purpose  a  tight  chamber  called  a  "dry-kiln" 
is  constructed,  and  a  constant  current  of  air  heated  from  150°  to 
180°  Fahr.  is  made  to  pass  over  the  lumber.  Fig  10  shows  the 
method  of  piling  lumber  upon  the  truck  before  it  is  run  into  the 
kiln.  The  piling  should  be  as  open  as  economical  operation  will 
permit. 

Pine,  spruce,  cypress,  cedar,  etc.,  fresh  from  the  saw,  may  be  put 
in  the  kiln,  allowing  four  days  for  i-inch  boards.  Hardwoods,  espe- 
cially oak,  ash,  maple,  birch  and  sycamore,  should  be  air-seasoned 
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from  three  to  six  months  to  allow  the  first  shrinkage  to  take  place 
gradually  before  it  is  put  in  the  kiln;  and,  for  i-inch  lumber,  they 
should  then  be  exposed  to  the  above  temperatures  for  from  six  to 
ten  days.  The  steaming  of  lumber  is  often  resorted  to  in  order  to 
prevent  checking  and  case-hardening,  and  also  to  make  it  bend  more 
easily  when  bent  pieces  are  required. 

**The  rapidity  with  which  water  is  evaporated,  that  is,  the  'rate  of  drying,' 
depends  upon  the  size  and  shape  of  the  piece  and  upon  the  structure  of  the 
wood.  A  board  i  inch  thick  dries  more  than  four  times  as  rapidly  as  a 
4-inch  plank  and  more  than  twenty  times  as  rapidly  as  a  lo-inch  timber. 
White  pine  dries  faster  than  oak.  Water  evaporates  faster  from  a  cross- 
section  than  from  a  longitudinal  section  and  twice  as  fast  from  a  radial  sec- 
tion as  from  a  tangential  section." 

Dry  wood  when  soaked  in  water  soon  regains  its  original  volume, 
and  wood  that  has  been  kiln-dried  at  once  takes  up  water  from  the 
air,  even  in  the  dryest  weather;  hence  the  necessity  of  having  the 
building  dry  before  delivering  the  finishing-lumber  and  of  keeping 
it  dry  thereafter.  This  tendency  of  wood  to  absorb  moisture  may 
be  lessened  by  boiling  and  steaming  it  and  also  by  exposing  it  in  dry 
air  for  a  short  time  to  a  temperature  of  300**  Fahr. ;  but  it  cannot 
be  entirely  overcome. 

14.  CASE-HARDENING.  When  rapidly  dried  in  a  kiln,  oak 
and  other  hardwoods  "case-harden" ;  that  is,  the  outer  part  dries  and 
shrinks  before  the  interior  parts  have  a  chance  to  do  the  same.  Thus 
there  is  formed  a  firm  shell  or  "case" 
of  shrunken  and,  usually,  checked 
wood  around  the  interior.  This  shell 
does  not  prevent  the  interior  from 
drying;  but  when  this   drying  takes 

place  the  interior  is  commonly  checked  Fig.     „.     Honeycombed    Board.    The 

along  the  medullary  rays,  as  shown  in  ji'^^Jy^'"  *^"^  **^™  ****"«  ^^ 
Fig.  II.     In  practice  this  result  can  be 

prevented  by  steaming  the  lumber  in  a  kiln,  or,  still  better,  by  drying 
it  in  the  open  air  or  in  a  shed  before  placing  it  in  a  kiln.  Since  the 
first  shrinkage  only  is  apt  to  check  the  wood,  any  kind  of  lumber 
which  has  once  been  air-dried,  from  three  to  six  months  for  i-inch 
stuff,  may  be  subjected  to  kiln-heat  without  any  danger. 

15.  MEASURE  OF  DRYNESS.  The  only  reliable  measure 
of  dryness  is  that  of  weight.  Professor  J.  B.  Johnson,  engineer  in 
charge  of  various  timber-tests  made  by  the  United  States  Govern- 
ment, offered  the  following  recommendation,  which  appears  to  have 
much  practical  value: 
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"It  would  be  well  for  architects  to  specify  definite  maximum  percentages 
of  moisture  which  would  be  allowed  in  lumber  to  be  used  in  various  kinds 
of  interior  finishing-work  instead  of  the  usual  specification  of  'thoroughly- 
seasoned  lumber*  or  *kiln-dried  lumber/  As  such  terms  as  these  usually  have 
to  be  interpreted  by  the  judgment  of  different  individuals,  and  as  the  legal 
determination  of  the  fact  always  rests  upon  the  testimony  of  various  wit- 
nesses, each  having  his  own  interpretation  of  the  meaning  of  such  terms, 
it  follows  that  the  standards  so  established  are  extremely  indefinite  and 
unsatisfactory.  //  the  architect  would  specify  a  particular  percentage  of 
moisture  for  flooring,  for  instance,  by  saying  that  it  should  not  contain  more 
than  10  per  cent  of  its  weight  in  water,  this  would  be  a  specification  which 
would  be  perfectly  definite  and  the  fulfillment  of  which  is  easily  determined. 
Thus,  when  flooring  is  delivered  at  a  building,  the  architect  may  select  a 
half-dozen  flooring-boards  from  the  lot,  cut  sections  about  i  foot  long  from 
their  central  portions,  take  them  to  the  nearest  grocery  or  drug-store  and 
have  them  carefully  weighed.  He  can  then  dry  them  out  by  putting  them 
into  an  ordinary  cook-stove  oven  and  keeping  them  there  for  a  few  hours 
at  a  temperature  somewhat  higher  than  that  of  the  boiling-point.  He  can 
then  weigh  them  again,  quickly,  before  they  have  re-absorbed  atmospheric 
moisture,  wrapping  them  up  carefully  if  it  is  necessary  to  carry  them  any 
distance  far  the  purpose  of  weighing.  The  difference  between  the  two 
weights,  divided  by  the  dry  weight  gives  the  percentage  of  moisture  in  terms 
of  the  dry  weight.  Thus,  if  a  piece  weighs  44  ounces  when  first  weighed 
and  40  ounces  when  taken  from  the  oven,  the  amount  of  moisture  would  be 
4  -i-  40  =  .10  or  10  per  cent." 

Since  the  moisture  in  the  air  in  inhabited  buildings  is  rarely  less 
than  10  per  cent,  this  may  be  taken  as  the  standard  moisture  for 
"thoroughly  seasoned  lumber."  Twelve  per  cent  of  moisture 
would  probably  not  be  detrimental,  and  in  buildings  that  are  not 
warmed  above  68*^  Fahr.  even  15  per  cent  may  be  allowed.  As  a 
check  on  the  fulfillment  of  the  specifications,  kiln-dried  lumber 
should  be  tested  for  moisture  immediately  upon  its  delivery;  for  if 
a  building  is  in  the  least  damp  the  lumber  will  quickly  absorb  ad- 
ditional moisture  from  the  air.  Framing-timber  and  timber  for 
the  outside  finish  may  be  considered  well-seasoned  when  it  contains 
only  15  per  cent  of  moisture. 

16.  SHRINKAGE  OF  WOOD.  i.  The  Cause  of  Shrinkage, 
When  a  short  piece  of  wood  fiber,  such  as  that  shown  in  Fig.  12, 
is  dried,  it  shrinks;  its  walls  grow  thinner,  as  indicated  by  the 
dotted  lines;  its  width,  a  b,  becomes  smaller  and  the  cavity  larger; 
but  the  height  or  length  b  c,  remains  the  same.  The  thinner  the 
walls  of  the  fiber  the  less,  also,  is  the  shrinkage.  The  end  walls  of 
the  fibers,  also,  shrink  in  the  same  manner  as  the  sides ;  but  as  the 
length  is  often  a  hundred  or  more  times  as  great  as  the  diameter, 
the  effect  of  the  longitudinal  shrinkage  is  inappreciable. 
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A  thin  cross-section  of  several  fibers  shrinks  in  the  same  way,  the 
walls  of  each  fiber  becoming  thinner  and  the  whole  piece  contract- 
ing in  proportion.  When  the  cells  are  similar  in  size  and  thickness 
the  piece  shrinks  by  about  the  same  amount  on  all  sides ;  but  if  the 
piece  is  made  up  of  fibers,  some  with  thin  and  others  with  thick 
walls,  then  as  the  row  of  thick-walled  cells  shrinks  much  more  than 
the  row  of  thin-walled  cells,  the  piece  becomes  unevenly  shrunk  or 
warped,  as  shown  in  Fig.  13.  Not  only  is  the  wood  warped,  but  the 
force  causing  this  warping  continues  to  stress  the  interior  parts  of 
the  piece  in  different  directions. 

Since  in  all  our  woods,  cells  with  thick  walls  and  cells  with  thin 
walls  are  more  or  less  intermixed,  and  especially  since  the  spring- 
wood  and  summer-wood  nearly  always  differ  in  this  respect,  stresses 
and  tendencies  to  warp  are  always  present  when  wood  dries  out. 
The  pith  or  medullary  rays,  also,  have  a  marked  effect  upon  the 
shrinkage  of  wood. 


Fig.    13.    Wood   Fiber,  Majnified.  Fig.  13.    W»ipinB  of  Wood. 

As  was  shown  (Art.  2),  the  cells  of  the  pith-rays  have  their 
length  at  right-angles  to  the  direction  of  the  wood  fibers ;  hence,  as 
the  pith-rays  dry  they  pull  on  the  longitudinal  fibers  and  tend  to 
shorten  them,  and,  being  resisted  by  the  rigidity  of  the  latter,  they 
are  greatly  stressed.  The  fibers  shrink  also  at  right-angles  to  the 
pith-rays,  and  the  latter  in  resisting  this,  prevent  the  former  from 
shrinking  as  much  as  they  otherwise  would.  Thus  the  structure  is 
subjected  to  two  severe  stresses  at  right-angles  to  each  other ;  and  it 
is  principally  owing  to  these  stresses  that  whenever  the  wood  dries 
rapidly  the  pith-rays  separate,  causing  checks,  which,  whether  visible 
or  not,  decrease  the  value  and  efficiency  of  the  wood.  The  contrac- 
tion of  the  pith-rays  parallel  to  the  length  of  boards  is  probably  one 
of  the  causes  of  the  small  amount  of  longitudinal  shrinkage  which 
has  been  observed  in  them ;  but  this  longitudinal  shrinkage  is  so  slight 
that  in  practice  it  is  customary  to  assume  that  the  length  of  a  timber 
is  not  affected  by  it. 

2.  The  Effect  of  Shrinkage.  Owing  to  the  resistance  to  shrink- 
ing in  the  fibers  in  a  radial  direction  due  to  the  pith-rays,  all  woods 
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shrink  more  in  a  tangential  direction,  or  around  the  rings,  than  in  a 
radial  direction ;  and  this  greater  tangential  shrinkage  affects  every 
phase  of  woodworking. 

Fig.  '14  illustrates  the  formation  of  checks  in  the  end  of  a  thick 
wood  plank.     As  the  plank  loses  water  from  its  ends  faster  than 
from  its  sides  the  ends  shrink  more  rapidly  than  the  interior  parts. 
The  width  A  B,  in  diagram  X,  may  have  shortened,  as  shown  at  Y, 
while  at  a  short  distance  from  the  end, 
c  d,  the  original  width  is  still  preserved. 
This  should  produce  a  bending  of  the 
"    parts  toward  the  center  of  the  piece,  as 
shown   in   exaggeration   in  diagram   Y; 
but  the  rigidity  of  the  several  parts  of 
the  timber  prevents  such  bending  and  the 
consequent  stress  leads  to  their  separa- 
tion as  shown  in  diagram  Z,  the  end  sur- 
face of  the  timber  being  "checked."    As 
y    the  timber  dries  out,  the  hne  c  d  becomes 
shorter,  the  parts  r  to  6  are  allowed  to 
approach  again  and  the  checks  close  up 
and  are  no  longer  visible.     The   faster 
the  drying  at  the  surface,  the  greater  the 
difference  in  the  moisture  of  the  different 
parts;  and  hence,  also,  the  greater  the 
stresses  and  consequently  the  amount  of 
checking.     This   becomes    very    evident 
when     fresh    wood    is    placed    in    the 
sun,     and     still     more     evident     when 
''in'fc/:f™TbwiRaa"^it    is    placed    in    a    hot    kiln.    While 
most  of  these  smaller  checks  are  thus 
only  temporary  and  close  up  again,  some  lat^e  radial  checks  remain 
and  grow  even  larger  as  the  drying  progresses.     The  temporary 
checks  not  only  appear  at  the  ends,  but  are  developed  on  the  sides 
also,  only  in  smaller  numbers.     They  become  especially  annoying 
on  the  surface  of  thick  planks  of  the  hardwoods  and  also  on  peeled 
logs  which  are  exposed  to  the  sun. 

In  the  above  discussion  the  wood  has  been  considered  as  if  made 
up  of  parallel  fibers  only,  placed  longitudinally  in  the  log.  This, 
however,  is  not  the  case.  A  large  part  of  the  wood  is  formed  by  the 
medullary  or  pith-rays.  In  pine  over  15,000  of  these  occur  on  a 
square  inch  of  a  tangential  section,  and  even  in  oak  the  very  large 
rays,  which  are  readily  visible  to  the  eye,  represent  scarcely  a  hun- 
dredth part  of  the  number  which  the  microscope  reveals. 
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The  effect  of  seasoning  upon  a  log  is  shown  in  Fig.  15,  A.  The 
external  portions  of  the  wood  shrink  the  most  and  the  heart-wood 
the  least,  the  wood  splitting  from  the  center  in  radial  lines  parallel 
to  the  medullary  rays,  but  maintaining  its  original  diameter.  When 
sawed  in  half,  a  log  shrinks  as  shown  in  B,  and  the 
boards  sawed  from  it  in  the  usual  way  take  the 
forms  shown  in  D,  owing  to  the  relatively  greater 
tangential  shrinkage  of  the  wood. 

If  a  log  is  cut  into  four  timbers,  having  square 
cross- sect  ions,  one  edge  of  each  being  in  the  center, 
each  will  shrink  to  the  shape  shown  in  Fig  16.  It 
will  be  seen  that  in  this  case  the  one  diagonal,  d  c, 
of  the  cross-section  remains  unchanged,  while  the 
thickness  of  the  timber  each  way  is  less  than  before 
and  the  four  angles  are  no  longer  right- angles. 
Timbers  sawed  in  this  way,  however,  are  much  less 
liable  to  check  than  when  sawed  as  in  Fig.  15,  C. 
Timbers  sawed  as  in  Fig.  16  are  known  as  "quarter- 
sawed."  A  cylindrical  shaft  turned  from  a  quar- 
tered timber  before  the  latter  is  seasoned  will  shrink 
as  shown  in  Fig.  17, 

There  is  a  great  difference,  also,  in  the  effects  of 
shrinkage  upon  different  woods.  The  softwoods, 
such  as  pine,  spruce,  cypress,  redwood,  etc.,  having  Fig.  ^ 
a  comparatively  regular  structure,  dry  and  shrink 
evenly  and  change  their  form  much  less  than  is  the  case  with  the 
hardwoods.  Among  the  latter,  oak  is  the  most  difficult  to  dry  with- 
out injury.  Small-sized  split-ware  and  quarter-sawed  boards  sea- 
son better  than  ordinary  boards  and  planks.    All  high-grade  stock  is 


Rz,    16.     Shriiiltsge  id  Fig.  17.     Sjhnnkage  in  l.)flm<ler» 

Qnulercd   Timbcrt.  cut    frorn    Quartered   Timbers. 

carefully  seasoned  before  manufacture  in  order  to  avoid  warping 
and  checking.     When  boards  or  planks  which  have  shrunk  to  a 
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curved  form  are  used  to  form  flat  boards,  they  should  be  sawed 
lengthwise  into  strips  and  glued  together,  the  alternate  strips  being 
reversed  as  in  Fig,  i8.  In  this  way  the  curvature  in  each  piece  be- 
comes very  sHght,  and  the  reversal  of  each  acts  as  a  check  upon  the 
shrinkage  of  its  ne^hbors. 

In  constructing  flne  cabinet-work  large 

and   thick   pieces   of    wood    are   usually 

avoided;  but  if  required  they  should  be 

Fig.  i8.   Reierui  of  Baardi     made  Up  of  a  numbcr  of  thin  pieces  glued 

to  CoaM««t  Shrintagt.        together.     Large    surfaces    are   generally 

made  in  panels  or  of  smaller  pieces  covered  with  veneer. 

Large  timbers,  when  used  for  posts,  are  less  liable  to  check  if  a  l- 
inch  or  ij4-inch  hole  is  bored  longitudinally  through  them.  This 
hole  should  be  connected  with  the  outer  air  by  J^-inch  holes  bored 
through  transversely  near  the  top  and  bottom.  The  tendency  in 
large  wooden  beams  and  girders  to  twist  and  check  may  be  largely 
prevented  by  cutting  them  into  halves  through  the  heart  of  the  It^ 
and  bolting  the  two  pieces  tc^ether  with  the  heart-sides  outward,  as 
shown  in  Fig.  19, 

Although  it  is  the  first  shrinkage  alone  that  tends  to  check  wood, 
repeated  swellings  due  to  changes  of  moisture  are  apt  to  aggravate 
the  bad  effects  of  the  first  seasoning ;  so  that  wood  should  always  be 
protected  from  moisture  when  once  it  has  been  dried.     Wood  which 
has   been   steamed   bends   more  easily,   and 
wood   bent   before    seasoning   and   kept    in 
position  until  seasoned,  retains  its  bent  shape 
and  offers  marked  resistance  to  forces  tend- 
ing to  straighten  it. 

3.  The  Amount  of  Shrinkage.  The 
shrinkage  of  wood  varies  in  different  species 
and  even  in  different  parts  of  the  same  tree; 
hence  any  figures  given  for  this  shrinkage 
must  be  regarded  as  mere  approximations. 
Sap-wood,    as    a    rule,    shrinks   more    than 

heart-wood  of  the  same  weight,  but  very  fj.  ,^  HaWing  of  Tim- 
heavy  heart-wood  may  shrink  more  than  ^^nd  cf^wne ^'"''*' 
lighter     sap-wood.     Quarter-sawed     boards 

shrink  less  in  width  but  more  in  thickness  than  those  that  are 
bastard-sawed. 

The  following  table,*  to  which  the  woods  of  old  oaks  and  of 
black  locust  have  been  added,  is  probably  as  reliable  as  any  data  that 
can  be  given: 

*  Bulletin  No.   lo,  "TimiKr."  U.   S.  Department  of  Ajricullure,  Division  ot  Forerttr- 
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TABLE  II. 

AppaoxiMATE  Shrinkage  of  a  Board  or  Set  of  Boards,  ioo 

Inches  Wide,  Drying  in  the  Open  Air. 


Variety  of  Wood. 

Shilnkwe. 

inch,. 
Up  to  10 

HeavT  coaifcn   (lurd  pine,  ttmiarmck) ,  honey  locmt,  box  elder,  wood  ol 

Alb,  eta,  walnut,  popl.r,  maple,  beeeh.  .yeamore,  cherry,  block  loen«... 

Bunrood,  birch,  eb«inut,  horK  cbHinut,  blae  beech,  yoonc  locuit 

4.    DEFECTS  IN  TIMBER. 

17.  SHAKES,  KNOTS  AND  OTHER  DEFECTS,  i. 
Shakes.  When  large  trees  are  converted  into  timber,  parts  of 
boards  or  planks  sometimes  separate  from  each  other  and  become 
two  pieces,  and  occasionally  the  wood  is  so  "shaky"  that  it  is  useless 
for  building  purposes.  This  separation  of  the  wood  is  due  to 
"shakes"  which  are  formed  in  the  living  tree. 

Shakes  are  of  two  kinds;    A.  "heart-shakes"  or  "star-shakes," 
which  are  splits  or  clefts  occurring  in  the  center  of  the  tree,  as 
shown  in  Fig.  20.     They  are  common  in  nearly  every  kind  of  tree, 
but  unless  the  cracks  are  very  lat^  they 
do  no  great  harm.     B.  "cup-shakes"  or 
cracks  separating  one  layer  from  another, 
as  shown  in  Fig.  21,    It  has  been  com- 
monly supposed  that  the  cup-shakes  are 
produced  by  the  wrenching  of  the  tree  1 
during  heavy  windstorms,  but  a  recent 
English  writer  believes  that  these,  and 
also  the  heart-shakes,  are  produced  by 
the  expanding  of  the  sap-wood.     Cup- 
shakes  often  injure  oak,  hard  pine,  ma- 
hogany, walnut  and  elm,  and  are  the  chief 

defects  in  hemlock  timber.     Trees  less     ''"■  "'    "'sbik^  "  ^*^ 
than  10  inches  in  diameter  are  not  subject 

to  shakes.     A  "through-shake"  extends  through,  between  two  faces 
of  a  timber. 

2.  Knots.  The  weakening  effect  of  a  knot  is  about  equal  in  ten- 
sion and  compression.  Large  knots,  therefore,  should  be  regarded 
as  sufficient  cause  for  the  rejection  of  timber  columns  as  well  as  of 
timber  beams. 

Knots  are  classified  as  follows :  "sound,"  solid  across  the  face,  as 
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hard  as  the  wood  around  it,  and  so  fixed  by  growth  as  to  remain 
solid;  "loose,"  not  held  firmly  in  place  by  growth;  "encased,"  sur- 
rounded wholly  or  in  part  by  pitch  or  bark;  "rotten,"  not  as  hard 
as  the  wood  around  it;  "standard,"  sound,  and  not  over  i>5  inches 
in  diameter;  "large,"  sound,  over  Ij^  inches  in  diameter;  "spike," 
sawed  in  a  lengthwise  direction,     {See  Art,  27.) 


Vig.  21.    Cup-Sbakea. 

3.  Pitch-pockets.  These  are  cracks  or  openings  in  the  grain 
of  the  wood  containing  pitch  or  bark  in  varying  quantities.  They 
are  divided  into  three  classes,  as  follows:  "Small,"  not  over 
l/s  of  an  inch  wide ;  "standard,"  not  over  J^  of  an  inch  wide  or  over 
3  inches  long;  "large,"  larger  than  standard  size.  A  well-defined 
accumulation  of  pitch  at  one  point  in  the  piece  is  called  a  "pitch- 
streak." 

5.  CONVERSION  OF  TIMBER. 
18,  BASTARD-SAWED  LUMBER.  Sawed  timbers  should 
be  sound,  square-edged  and  straight,  of  standard  sizes,  close-grained 
and  free  from  defects  such  as  decay,  shakes,  cross-grain,  unsound 
knots  or  knots  in  groups.  Rough-sawed  timbers  should  not  be  less 
than  %  of  an  inch  below  standard  size  and  standard-dressed  tim- 
ber not  less  than  J4  an  inch  below  the  size  specified.  All  boards 
and  planks,  except  those  intended  for  flooring,  furniture  or  fine  in- 
terior finish,  are  sawed  from  the  log  by  gang-saws  or  circular  saws 
which  cut  it  into  slices,  as  shown  in  Fig.  22.  The  edges  are  then 
trimmed  by  a  circular  saw,  the  edgings  being  worked  up  into  laths 
or  used  for  kindling-wood.  Boards  sawed  from  the  log  in  this  way 
are  called  "bastard-sawed."  The  faces  of  bastard-sawed  boards, 
except  a  few  cut  from  the  center  of  the  log,  appear  generally  as 
shown  in  Fig.  2,  and  indicate  the  manner  of  sawing.  About  25  per 
cent  of  the  boards  thus  sawed  come  from  near  the  center  of  the  log 
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and  show  the  annual  rings  running  across  the  ends,  as  indicated  on 
the  cross-section;  and  the  rings  of  spring-wood  and  summer-wood 
appear  as  parallel  lines  on  the  edges  as  shown  on  the  radial  section. 


Tig.  M.    Butsrd-Sawcd  Lumber.  Yie.  ay     roisibililiu  of  Cutiing  Timber 

tiaa  of  Giaiii. 

Such  boards  are  commonly  called  "quarter-sawed,"  •  and  in  some 

mills   quarter-sawed   boards   are  obtained  by   selecting   out   these 

pieces.     Figure    23    represents    the 

various   methods  of   sawing  timber 

from  the  Ic^  with  reference  to  the 

position  of  the  grain.     The  strength 

of  a  beam,  column  or  plank  varies  in 

accordance     with     the     manner     in 

which  it  is  cut  from  a  log.     This  fact 

should  be  borne  in  mind  by  architects 

and  engineers  when  selecting  timber 

in  which  special  strength  is  required. 

In  ab  c  d  and  f  5  «  (  the  center  or 

pith  or  heart  is  about  in  the  center ; 

in  V  w  A  /  or  r  f  *  tt  it  is  on  one  side ; 

in  f  ffl  n  0  it  is  in  one  comer ;  and 

in  e  f  g  h,  s  j  h  t,  w  r  u  V,  etc.,  it  is  entirely 

--^ — - — — outside.     Figure   24   shows   a   method   of 

sawing  out  heavy  timbers  from  logs  of  soft- 
wood, such  as  pine,  etc.  Figure  25  shows 
what  are  known  as  "waney  edges."     These 

applied    to 

NBTtkmiltm  Lrnvtbtrma*.     When  (be  lines  of 

fOTllel  ll  i(  ■onetimea  called  "comb-gnined." 
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are  caused  by  a  board  being  cut  too  near  the  surface  of  the  log  and 
thus  including  at  its  two  outer  comers  portions  of  the  bark  of  the 
tree. 
19.    QUARTER-SAWED  LUMBER.  Real  quarter-sawed  lum- 
ber is  obtained  by  first  quartering  a 
log  and  then  sawing  up  each  quarter 
through  planes  making  an  angle  of 
45   degrees  with  the  planes  of  the 
quartering  cuts,  as  shown  in  Fig.  26. 
I  In  this  way  there  is  but  little  waste ; 
I  the  width  of  most  of  the  boards  cuts 
at  right-angles  the  circumference  of 
the  annual  rings;  and  the  saw-cuts 
often  split  the  medullary  rays,  mak- 
ing a  handsome  silver  grain,  as  in 
_  quartered  oak  and  sycamore.     It  is 

Kg.  at    Quartir.Sawed  Lumber.  ^  ,1.1  j  ^   1  ^-  ^ 

more  trouble  and  takes  more  time  to 
saw  lumber  in  this  way,  there  is  a  little  more  waste  and 
quarter-sawed  lumber,  accordingly,  costs  more  than  that  which 
is  bastard-sawed ;  but  there  are  certain  advantages  in  its  use  which 
more  than  compensate  for  its  extra  cost  Fig.  27  shows  several 
methods  of  cutting  hard-wood  boards  from  the  log.  After  a  Ic^  has 
been  cut  into  quarters,  either  of  the  methods  r,  2  or  3,  may  be  used 
to  display  the  silver  grain  of  oak.     Method  4  may  be  used  to  saw  out 


Fig.  aj.     Mdbod  of  Cutting  Boards 
from    a   HBid-Wood  l.og. 

thick  boards  for  construction  purposes.  Fig.  28  shows  an  ideal 
method  of  sawing  floor-boards,  the  boards  beii^  cut  as  shown  and 
numbered  i,  2  and  3,  and  the  remainder  of  the  log  being  used  for 
other  purposes.    The  boards  should  be  sawed  as  nearly  as  possible 
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in  a  radial  direction  from  the  center  of  the  log.  (See  Art.  60, 
under  "White  Oak.") 

At  the  present  time  hard  pine  and  Douglas  fir  are  the  only  soft- 
woods that  are  quarter-sawed ;  and  these  woods  are  not  so  cut  when 
used  for  clapboards.  The  quarter-sawed  product  of  these  woods  is 
employed  almost  exclusively  for  flooring  and  ship-decking. 

Oak  for  flooring  and  finishing  purposes  is  generally  quarter-sawed, 
and  many  of  the  other  hardwoods  are  sawed  in  this  way. 

Quarter-sawed  lumber  wears  better,  warps  and  shrinks  less  and 
in  most  hardwoods  has  a  finer  appearance  than  that  which  is  bas- 
tard-sawed. 

The  best  furniture  is  now  made  of  quarter-sawed  lumber  and 
the  finest  finishing  and  best  clapboarding  and  flooring  is  quarter- 
sawed. 

Framing  timber,  such  as  planks  and  dimension-lumber,  when  in- 
tended for  building  purposes,  is  almost  invariably  bastard-sawed. 
For  railroad  ties  and  the  construction  of  cars  and  carts,  the  lum- 
ber is  often  sawed  by  first  quartering  a  log  and  then  squaring  the 
quarters,  so  that  one  edge  of  each  piece  is  from  the  heart  of  the 
wood.  This  is  done  to  prevent  checking  and  warping.  Many  manu- 
facturers of  cars,  carts  and  agricultural  implements  are  now  using 
Douglas  fir  for  their  products,  owing  to  its  great  strength,  lightness 
and  low  cost. 

20.  MERCHANT-SIZES  OF  LUMBER.  With  a  few  excep- 
tions framing-timber  is  sawed  to  even  dimensions  and  lengths,  such 
as  4  by  6,  6  by  8,  10  by  12  inches,  etc. 

Floor-joists  and  planks  are  sawed  2,  3  and  4  inches  thick,  and 
14-inch  joists  are  usually  sawed  also  to  a  2^/4-inch  thickness.  A 
few  mills  saw  15-inch  joists,  and  in  New  England  2  by  5-inch  stud- 
ding and  2  by  7-inch  rafters  are  common;  but  in  the  West  odd 
widths  are  not  generally  carried  in  stock. 

Outside  and  inside-finishing  woods  of  the  common  kinds  are 
usually  sawed  i,  iM,  iM,  2  and  in  some  woods,  such  as  white  pine 
and  poplar,  2^  and  3  inches  thick.  Flooring  is  usually  sawed  i 
and  iH  inches  thick,  so  as  lo  finish  ^%6  and  i%2  inches.  Ceiling 
or  "matched  sheathing,"  as  it  is  called  in  New  England,  is  sawed  to 
a  nominal  thickness  of  %,  ¥2,  %  and  94  of  an  inch.  The  actual 
finished  thickness  is  in  each  case  Via  of  an  inch  less. 

The  more  expensive  finishing  woods  are  generally  used  in  %  and 
94-inch  boards  and  are  also  used  in  veneers.  (See,  also,  Arts.  22,  78 
and  79.) 

21.  SHORT  AND  ODD  LENGTHS  OF  LUMBER.  The 
great  waste  of  material  in  ordinary  lumber-manufacturing,  because 
short  and  odd  lengths  and  widths  are  not  used,  has  been  blamed 
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mainly  'n\  tilt-  luiiilx-rmaii.  7'lit-  irulti  ih,  liowrvcr,  tlial  the  lumber- 
iiiuii  U  |(r:i<  Ik  :>lly  litljil'-:!!.  Kc  run  rnii]  a  Jiaying  market  only  for 
tlx  luitili-r  (Ut  fiiffii  luKu  of  lilt-  rri;nljiiun  Iriiph  called  for  by 
I/ijj1'!(i>  iHf\  ^t'hiiiiU.  If  kj«-<  jIuaiKiiiii  were  drawn  for  the  sizes 
^t'.;ully  U't-il  '111-  cli'frirr  ln^'i  wduM  l>c  in  demand  and  the  waste 
,!»■  I.,  tJ..^  .,..j^<'  woiiM  Ix^  .j^cl. 

i  i.ii-  f  ji  I  vvii-  l/io;ij-lii  '-Hi  in  i  •>ijiie(  ti(>n  with  the  siudy  of  forest- 
\m'../^'\'-ii  iiij'lt  liy  llii-  (■'/'"-■(  ^'Tvift  for  the  National  Conservation 
I  '.iJiii  i  -I'/ii,  '  hu-  lA  fl,i-  )u  ln-dult-i  of  imjuiry  sent  to  lumber-manu- 
^l.rlJln^  •'/iii.iiJi"!  a  (jii'iy  aa  to  tlie  extent  to  which  more  care- 
i\t\  r^.  ii,.  :iiii,ii-  of  iiMiiii.il  iii[|{hi  reduce  waste.  Rq)lies  to  this 
•i-Hf  .-(.■jAfI  il.ii  ill  ^"llll'  i;ist-i  as  much  as  25  per  cent  of  the 
fili'l  iiii-  wiu-  m.tr  (i.iiili'l  from  (lie  woods,  simply  because 
jj...  ill!  jii'.ij>  '\iiiy  (o  I'.ir.i-iiiiotial  I«-n;;ths.  Thus,  lumljer  which  is 
iij  Ia  II. (|  III  liiif."!..-  of  fn^ii  I  to  6  ftct,  is  frequently  ordered  in 
\i  •ifi  l.ii^'il.>,  Jii'l  >'-i  ihr  fl.'iTt  leiijjilis  which  would  exactly  and 
I.. .1.0111 '  .'11/  ii.tii  tl.i'  ii''jiiji(iiiciils  cannot  be  sold. 

|i.,  ,.  .  ..)  [...il.!)  >■-:•)/  iilii-Til'k  ttiif.  "1  have  just  seen  a  bonk." 
V, : J  I.    il.i    .i.i.fjiy   i.t   it   |,F....  .1.1  111    I'aiific   CViast   a'.Mxriation,   "conlainiiig 

.,i.    .1    I,...  ] 1m.!  -;.    „.,-  -,f  l„..i..  .,  aii-l  in  all  -,t  these  designs,  1  believe 

i<  ,.i  *(  1"  '  ""I  '■'  li  '  ^'.liv  i«  ii.iii  r  Bin  (i-i'l  in  lenKlh.  At  the  same  time 
i;,i  .  1,1,11,.  lot  ■*:.[  •,ii'.ii  |i  .vil.i  (,f  (r./rri  13  to  16  feet  in  order  to  build  them.' 

jt  l,..r  ;iU.i>?  [>"ij  ii.«-  m-ioni  in  this  country  to  sell  lumber  in 
t  ..1,  \i..y-\  .-  1,1,1/,  .iinl  tl.i-  f,iiic,  on  liTiRihs  under  10  feet  in  almost 
.111/  I,,.- 1. 1;.!.  ;iu  (loiii  i.i  i'<  If  JO  |KT  tlxjusand  less  than  for  lengths 
.,..i  J.-  Jul  Jii  '  uilii;(/  any  kind  of  finished  product,  such  as  floor- 
1.  K   .1  :  '  i/   I"  ■'  li  '1    I'-nif-f,  Mr,,  bO  as  to  grade  the  lumber  in  an  eco- 

I ■  I  iiiMi'i,  ilii  u  i-  bound  to  he  from  5  to  10  per  cent  of  the 

1.1  i,i,  ,,;..' Ii  jn  iiD'lir  JO  fi-el.  It  is  the  rule  with  most  manu- 
l..:,.Mi.-  I'j  I,  III!  iijj  ;ill  |>iMrds  iindtT  six  feet  in  length,  as  there  is 
,.,,,'■.  .I'l/  ii'j  .-.'1  (or  ilnni.  On  the  iiiher  hand  the  architect  and 
1,1  i,,i.ij..i  ioi  oj.lii  iJi.ij-  Iniiiljcr  in  lonj;  pieces  with  the  idea  of 
111  up  II. I.,  huj^ilis  of  from  I  to  6  feet  when  placing  them 
'■■'■f 

■  i  win.i  t-iys  t\i.ti  10  or  J()-foi)t  lengths  are  commonly 
1,1  In  il'.'(iiii;/ of  [Hin  III,  wliicli  are  only  5  feet  wide.  He 
\,j  ii.,ii.ii,)/  t(j.'  rollinviiin  l■^li^l.-llc  of  the  waste  resulting 
|,i.j.  ii.  I,  111  biji|i||ii|{  spt'iilk'iilions,  of  disregarding  the 

'    '  il'i    v.. I  i<  til  •iiii  liiiijji'i'  |,iij>liiris  from  this  one  cause,  which 

'"" '/    "■    (■!'  iiil'ii=  a  11   friiiii  Kiiinn  ti)  the  expense  of  taking 

!.■..  .1  .;,,,  iij,:i,i ,  III-  „||^J,|  ,.„|  ]„(,,  ,[|,,„.  ,i,„rier  JenRlhs  and  find 
'I,  juiJ   iiiliiili  (jjna  I, ill!  Ill)  Miiirlifl   fur  sliiirli-r  lengths  resulting 
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from  the  ordinary  manufacture  of  logs  into  long  lengths,  will  easily  run  as 
high  as  25  per  cent  of  the  timber  on  any  section  of  land." 

It  would  be  a  great  mistake  to  charge  such  waste  as  this  to  any 
voluntary  device  on  the  part  of  lumbermen,  who  waste  only  what 
they  cannot  use  in  their  business.  The  closer  drawing  of  specifica- 
tions, a  better  knowledge  of  the  timber-situation,  and  a  recognition 
of  the  possible  uses  of  short  lengths  of  lumber  will  not  only  increase 
the  profits  of  the  lumbermen  but  greatly  prolong  the  duration  of 
the  lumber-supply. 

22.  MEASUREMENTS  OF  LUMBER.  The  term  "lumber" 
includes  all  material  sawed  from  logs  for  structural  or  other  com- 
mercial purposes.  In  the  trade,  the  term  "timber"  is  applied  to 
pieces  of  large  size,  such  as  joists,  beams  and  girders. 

What  Americans  call  a  "lumber-dealer"  is  known  in  England  as 
a  "timber-merchant."  The  term  "timber,"  in  New  England,  is  ap- 
plied to  trees  large  enough  to  be  cut  into  logs  for  the  mill,  to  the 
logs  entire  and  to  the  large  single  sticks  into  which  they  are  hewed 
or  sawed.  When  the  logs  are  cut  into  boards,  planks,  joists  and 
so  on,  they  form  "lumber."  In  the  West,  timber  is  generally  under- 
stood to  mean  standing  trees,  and  includes  all  trees,  large  and  small, 
without  reference  to  their  fitness  for  the  mill.  The  cutting  and 
hauling  of  this  timber  is  known  there  as  "lumbering" ;  but  in  a  large 
part  of  New  England  it  is  called  "logging."  What  are  in  some 
quarters  known  as  "joists"  are  elsewhere  called  "scantlings,"  and 
what  Americans  call  "boards"  or  "planks"  the  English  call  "deals." 
In  this  country  a  person  who  "splits  out"  shingles  is  called  a  "shingle- 
weaver."  In  England  shingles  are  not  made  in  that  way ;  but  laths 
are  regularly  "riven,"  and  a  maker  of  laths  is  called  a  "lath-render." 

Lumber  is  resawed  to  obtain  the  smaller  sizes.  "Dressed  lum- 
ber" is  resawed  lumber  planed  at  the  mill  and  may  be  had  in  many 
dimensions  suitable  for  all  uses.  "Dressed"  boards  and  planks  are 
called  "clear"  when  free  from  all  defects,  such  as  knots,  checks, 
etc.,  and  may  be  procured  in  regular  sizes,  from  ^  to  i}i  inches 
thick,  in  each  case  yi  of  an  inch  less  in  thickness  than  that  of  the 
sawed  lumber.  Lumber  sawed  on  four  sides  is  termed  "resawed 
lumber."  Lumber  sawed  on  two  sides  only  is  termed  "rough-edge" 
or  "flitch."  Framing-timber,  planks  and  boards  are  always  sold 
by  "board-measure,"  that  is,  the  number  of  superficial  feet  the  piece 
would  contain  if  sawed  into  boards  i  inch  thick.  Matched  flooring 
and  ceiling  are  measured  by  the  size  of  the  boards  from  which  they 
are  worked. 

Boards  less  than  i  inch  in  thickness  are  measured  by  the  square 
foot,  the  price  depending  upon  the  thickness.     Veneers   are  al- 
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ways  sold  by  the  square  foot.  Lattice  and  moldings  are  sold  by 
the  lineal  foot,  but  the  price  of  the  latter  depends  upon  the  thick- 
ness as  well  as  upon  the  width.  Laths,  shingles  and  clapboards  are 
sold  by  the  thousand. 

Lumber  of  all  kinds  generally  comes  from  the  mill  in  even-foot 
lengths,  as  lo,  12,  14,  16,  etc.  feet,  and  lengths  between  these  meas- 
urements are  "cut  to  waste."  (See,  also,  Art.  20  for  merchant-sizes 
of  lumber,  and  Arts.  78  and  79.) 

23.  INSPECTION  OF  TIMBER.  The  dimensions  and  qual- 
ity of  the  stock  are  taken  into  account  when  inspections  are  made. 
Condemned  pieces  are  plainly  marked  with  branding-irons  or  paint. 

The  strongest  and  most  durable  timbers  are  obtained  from  the 
slow-growing  trees,  from  those  with  narrow,  annular  rings  and 
from  those  with  small  amounts  of  sap  or  resin  in  their  pores.  Tim- 
bers cut  from  the  heart-wood  and  containing  no  sap-wood  are  the 
strongest.  The  wood  should  contain  no  shakes,  flaws,  large  knots, 
dead  knots,  nor  blemishes  and  should  be  straight  in  fiber  and  uni- 
form in  substance.  A  sound  timber  when  freshly  cut  should  show 
a  bright,  firm  surface  with  a  silk-like  luster  when  planed  and  should 
emit  a  sweet  odor.  Dark  shades  in  woods  of  naturally  strong  color 
generally  indicate  durability  and  strength.  The  surface  of  a  freshly 
cut  timber  should  never  be  "woolly,"  nor  clog  the  teeth  of  the  saw 
when  cut.  Decaying  timber  gives  a  dull  sound  when  struck,  while 
sound  timber  is  sonorous.  A  disagreeable  odor  or  dull,  chalky  ap- 
pearance are  indications  of  bad  timber.  Good,  sound  timber  trans- 
mits faint  sounds  from  one  end  to  the  other  up  to  a  distance  of  fifty 
feet.  If  no  outer  signs  of  decay  or  rot  are  in  evidence,  they  may 
be  detected  by  boring  into  the  timber  and  examining  the  odor  and 
appearance  of  the  wood-dust. 

6.    STRENGTH  OF  TIMBER  AS  AFFECTED  BY  ITS 

PHYSICAL  CONDITION. 

24.  GENERAL  CONDITIONS.  The  methods  of  calculating 
the  strength  of  timber  under  the  different  kinds  of  stresses  to  which 
it  is  subjected  are  fully  explained  in  Kidder's  ** Architects'  and 
Builders'  Pocket-Book,"  and  will  not  be  considered  here.  There 
are,  however,  certain  variable  conditions  in  timber  which  it  is  im- 
possible to  recognize  in  formulas,  but  which  often  need  to  be  taken 
into  account  when  it  is  desired  to  utilize  the  maximum  strength  of 
the  wood.  These  conditions  are  not  generally  explained  in  the  hand- 
books, and  may  appropriately  be  considered  in  a  work  of  this  char- 
acter. 

25.  EFFECTS  OF  MOISTURE  ON  TIMBER.  In  some  of 
the  "United   States  Timber-Tests"  on  long-leaf  yellow  pine,  an 
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actual  moisture-determination  was  made  for  every  test  of  strength. 
Most  of  the  tests,  also,  were  made  either  in  pairs  or  in  sets  of 
three,  the  wood  for  each  set  being  taken  from  the  same  tree  and  as 
nearly  identical  as  possible,  except  that  one  piece  was  tested  while 
green  and  another  after  it  was  seasoned.  These  tests  were  numer- 
ous and  thorough  and  seemed  to  indicate  that  all  kinds  of  timber  are 
about  twice  as  strong  when  thoroughly  seasoned  as  they  are  in  a 
green  state.  It  was  shown,  also,  that  the  maximum  strength  accom- 
panies a  5  or  6  percentage  of  moisture  by  weight,  the  strength  at 
absolute  dryness  being  somewhat  reduced.  Additional  notes  relat- 
ing to  the  weight  of  timber  are  given  in  the  following  article. 

It  is  stated,*  however,  that  with  large  timbers  in  commercial  use 
it  is  not  safe  to  count  upon  any  greater  strength,  even  after  season- 
ing, than  that  of  the  timbers  in  the  green  condition,  although  with 
very  small,  perfect  stock,  in  sizes  up  to  about  4  by  4  inches  in  cross- 
section,  ordinary  air-drying  may  be  counted  upon  to  increase  the 
strength  from  50  to  150  per  cent. 

The  moisture  in  fairly- well-seasoned  timber  is  about  15  per  cent, 
by  weight. 

26.  WEIGHT  OF  TIMBER.  For  any  given  species  of  timber, 
and  for  any  given  degree  of  dryness,  the  strength  is  almost  directly 
proportional  to  the  weight.  This  is  considered  to  be  due  to  the  fact 
that  the  weight,  for  the  same  percentage  of  moisture,  indicates  the 
density  and  consequently  the  proportionate  number  of  fibers;  and 
that  the  wood  which  has  the  most  fibers  is  naturally  supposed  to 
have  the  greatest  strength. 

The  strongest  portion  of  a  young  tree  is  the  heart.  The  strong- 
est portion  of  a  very  old  tree  is  about  midway  between  the  heart 
and  the  sap-wood.  The  upper  part  of  a  tree,  also,  is  slightly  weaker 
than  the  lower  part. 

27.  KNOTS  AND  CROSS-GRAIN  IN  TIMBER.  The  weak- 
ening  effects  of  knots  and  cross-grain  is  about  the  same  in  compres- 
sion as  in  tension.  Large  knots  especially  should  be  regarded  as 
sufficient  cause  for  the  rejection  of  timber  columns  as  well  as  for 
the  rejection  of  timber  beams.  (See  Art.  17.)  The  best  single  test 
of  timber  is  the  test  of  a  short  column  or  the  endwise  crushing-test. 
It  is  probable  that  timber  does  not  usually  lose  its  strength  from 
age  or  use  alone,  although  it  is  well  known  that  little  more  than  one- 
half  the  breaking-load  of  ^  beam,  if  left  on  it  continuously,  will 
ukimately  break  it.  Rigid  inspection  should  be  given  to  all  struc- 
tural timber,  as  the  defects  found  in  it  strongly  affect  its  strength. 
(See  Art.  23.) 

•  See  Circular  No.  xo8,  U.  S.  Department  of  Agriculture,  Division  of  Forestry. 
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7.    SELECTION  OF  TIMBER  FOR  SPECIAL  PURPOSES. 

28.  GENERAL  PRACTICE.  In  selecting  wood  or  timber  for 
a  special  use,  that  species  should  be  chosen  which  appears  to  meet 
most  fully  the  particular  requirements  of  the  case.  Thus,  for 
framing-timbers,  woods  that  are  abundant  and  consequently  cheap 
and  which  can  be  obtained  in  large  dimensions,  are  generally  chosen, 
although  in  some  instances  extra  strength  and  durability  are  more 
important  considerations. 

For  outside  finishing,  ease  of  working  and  freedom  from  warping 
and  checking  are  the  principal  requirements.  The  wood  selected 
should  stand  the  wear  resulting  from  exposure. 

For  wood  that  is  to  be  buried  in  the  ground,  in  whole  or  in  part, 
or  to  be  used  for  piling,  durability  is  the  chief  consideration,  al- 
though the  question  of  cost  must  often  be  considered. 

For  floors,  the  wearing-quality  is  the  main  consideration,  while 
for  fine,  interior  finishing  and  cabinet-work  the  color  and  grain  of 
the  wood  generally  control  the  choice. 

The  following  list  indicates  those  woods  which  are  usually  con- 
sidered best  adapted  to  the  particular  requirements  met  with  in 
building-construction  and  finishing: 

For  light  framing,  dwellings,  tenement-houses,  etc.:  Douglas  fir  (Oregon 
pine),  spruce,  short-leaf  yellow  pine,  Norrway  pine  (red  pine)  and  hemlock 
are  the  woods  generally  used. 

For  posts,  girders,  truss-timbers  and  heavy  framing:  long-leaf  yellow  pine 
(Georgia  pine),  Douglas  fir  or  white  oak  are  to  be  preferred.  Next  to  these 
are  the  short-leaf  yellow  pine  and  the  best  qualities  of  spruce. 

For  very  long  truss-timbers,  flagstaff s,  etc.:  Douglas  fir  and  long-leaf 
yellow  pine  are  the  only  available  woods.  Good-sized  timbers  of  the  former 
can  be  obtained  up  to  120  feet  in  length. 

For  outside  finish:  White  pine,  Douglas  fir,  larch,  white  cedar,  redwood 
or  cypress  should  be  used. 

For  shingles:    Cedar,  cypress,  white  pine  and  redwood. 

For  siding  and  clapboards:  Cedar,  larch,  Douglas  fir,  redwood,  cypress 
and  white  pine  are  the  best  woods.  Douglas  fir  gives  general  satisfaction 
throughout  the  western  and  middle  states  and  is  rapidly  finding  favor  in 
the  East.  The  western  white  spruce  is  soft,  does  not  warp,  stretch  or  shrink 
and  makes  very  good  siding. 

For  posts  and  sleepers  set  in  the  ground:  White  cedar,  pitch  pine,*  chest- 
nut, redwood,  cypress,  black  locust  and  Douglas  fir. 

For  piles  and  cribbage  or  grillage:  Oak,  elfti,  lomg-leaf  yellow  pine,  Doug- 
las fir,  Norway  pine,  cypress,  spruce,  white  pine  and  hemlock,  in  the  order 
given.    The  first  four  only  should  be  used  in  salt  water. 

*  A  very  resinous  variety  of  the  hard  pines  growing  along  the  Atlantic  coast  from  Cto- 
ada  to  Georgia  and  in  Kentucky. 
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For  sashes,  solid  doors,  bases  for  venders  and  all  joiners'  work  that  is  to 
be  painted:  Clear  white  pine,  now  grown  scarce  and  expensive,  has  gener- 
ally given  the  best  satisfaction,  although  poplar  (whitewood)  is  often  used 
for  reasons  of  economy.  Cypress,  also,  is  well-adapted  for  sashes  and  solid 
doors.  Douglas  fir  is  coming  extensively  into  use  for  these  purposes,  doors, 
solid  and  veneered,  being  made  of  it.  Westera  white  pine,  Douglas  fir  and 
larch,  also,  are  being  used  by  sash-manufacturers,  as  clear,  eastern  white  pine 
is  rapidly  disappearing. 

For  thresholds  and  Hoors,  or  wherever  hardness  and  resistance  to  wearing 
is  required:  White  oak,  maple,  long-leaf  yellow  pine  or  Douglas  fir,  all 
quarter-sawed. 

For  linen-chests  and  linen-closets:  Florida,  western  or  Alabama  red 
cedar. 

For  inside  finish:  Redwood,  cypress,  Douglas  fir,  larch  and  white  pine 
and  any  of  the  hardwoods  are  suitable.  Both  larch  and  Douglas  fir  are 
soft  and  easy  to  work  and  make  an  attractive  finish.  They  are  generally 
selected  to  please  the  especial  taste  of  the  owner  and  all  are  sufficiently 
durable.  Every  hardwood  needs  to  be  thoroughly  seasoned  and  kiln-dried, 
and  all  hardwood  doors  or  sashes  should  have  pine  cores,  covered  with  n 
94e-inch  veneer  of  hardwood.  (For  the  Pacific  Coast  practice,  see  the  follow- 
ing article,) 

29.  PACIFIC-COAST  PRACTICE.* 

For  framing,  studs,  joists,  posts  and  girders:    Douglas  fir. 

For  outside  finish:  Redwood,  cedar,  or  Douglas  fir.  It  should  be  noted 
that  redwood  blackens  with  age  and  exposure. 

For  shingles:  Cedar  is  used  where  the  darkening  of  redwood  might 
prove  objectionable.  Redwood  is,  however,  most  common  and  makes  ex- 
cellent shingles.    There  is  a  demand,  though  small,  for  redwood  **shakes." 

For  structures  in  contact  with  the  ground:    Redwood,  invariably. 

For  sashes:     Sugar  pine  and  cedar. 

For  inside  finish:  Redwood,  sugar  pine  or  Douglas  fir.  Of  hardwoods 
there  are  gum,  jenisero  and  some  koa  and  teak,  all  but  the  gum  being  im- 
ported from  Hawaii  or  the  Philippines. 

For  thresholds  and  floors:  White  oak,  maple,  Douglas  fir  and  western 
hemlock.    The   first  three  are   quarter-sawed. 

For  linen-chests  and  linen-closets:  Red  cedar,  and  Port  Orford  cedar. 
(For  general  practice,  see  the  preceding  article.) 

8.    DECAY  AND  PRESERVATION  OF  TIMBER. 

30.  DURABILITY  OF  TIMBER.  One  kind  of  wood,  under 
certain  conditions,  is  as  durable  as  any  other.  When  kept  dry  or 
entirely  submerged  in  water  it  lasts  indefinitely,  but  under  other 
conditions  it  may  decay  very  rapidly.  The  general  causes  of  the 
deterioration,  decay  and  gradual  destruction  of  timber  are  the  pres- 

•  This  includes  data  furnished  the  editor  by  W.  C.  Hays,  San  Francisco,  Cal.,  Whidden 
&  Lewis,  Portland,  Oro.,  and  Willatzen  &  Byrne,  Seattle,  Wash. 
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ence  of  sap,  exposure  to  alternate  moisture  and  dryness,  exposure 
accompanied  by  heat,  want  of  ventilation,  bacteria,  fungi,  worms 
and  insects. 

Dryness  and  ventilation  are  the  best  preventatives  of  the  decay  of 
timber  used  in  general  construction;  and  wood  kept  dry  has  been 
known  to  last  for  centuries,  although  it  has  finally  become  brittle 
and  lost  its  strength.  Water,  also,  seems  to  act  as  a  preservative; 
and  some  kinds  of  timber,  such  as  oak,  elm,  birch  and  elder,  con- 
stantly immersed  in  still  water,  may  last  for  an  indefinite  period. 
Piles  and  the  cribbage  or  grillage  resting  on  them  are  about  the 
only  forms  of  building-construction  subject  to  these  conditions,  and 
it  is  essential  to  their  preservation  that  they  be  placed  entirely  below 
the  low-water  line,  as  nothing  causes  decay  so  rapidly  as  alterna- 
tions of  moisture  and  dryness. 

"Rot  in  timber  is  decomposition  or  putrefaction,  which  is  generally  oc- 
casioned by  dampness  and  which  proceeds  by  the  emission  of  gases,  chiefly 
carbonic  acid  and  hydrogen. 

"There  are  two  kinds  of  rot  to  which  the  woodwork  in  buildings  is  sub- 
ject, 'dry  rot'  and  *wet  rot.'  The  chief  difference  between  them  seems  to 
be  that  wet  rot  develops  where  the  gases  evolved  can  escape.  By  it  the 
tissues  ol  the  wood,  especially  the  sappy  portions,  are  decomposed.  Dry 
rot,  on  the  contrary,  occurs  in  confined  places  where  the  gases  cannot  escape, 
but  enter  into  new  combinations,  forming  fungi  which  feed  upon  and  destroy 
the  timber." 

31.  WET  ROT  IN  TIMBER.  This  appears  only  when  the 
wood  is  kept  damp  or  is  subject  to  alternate  dryness  and  moisture; 
and  it  cannot  take  place  if  the  wood  is  once  thoroughly  seasoned 
and  the  further  absorption  of  moisture  prevented.  Wet  rot  com- 
municates itself  to  the  sound  portions  of  wood  by  actual  contact 
only,  and  if  all  the  rotten  wood  is  cut  away  and  the  balance  cf  the 
timber  kept  dry,  the  wet  rot  will  have  no  further  affect. 

32.  DRY  ROT  IN  TIMBER.  This  is  generally  caused  by  want 
of  ventilation.  Confined  air,  without  much  moisture,  encourages 
the  growth  of  a  fungus,  which  eats  into  the  timber,  renders  it  brittle 
and  so  reduces  the  cohesion  of  the  fibers  that  they  are  reduced  to 
powder.     It  generally  commences  in  the  sap-wood. 

"An  excess  of  moisture  prevents  the  growth  of  the  fungus,  but  moderate 
warmth,  ccrmbined  with  dampness  and  want  of  air,  accelerates  it.  In  the 
first  stages  of  rottenness  the  timber  swells  and  changes  color,  is  often  cov- 
ered with  fungus  or  moldiness  and  emits  a  musty  smell." 

"When  the  fungus  first  appears  on  the  sides  of  timbers  it  covers  the  sur- 
face with  a  fine,  delicate  vegetation,  called  by  shipwrights,  'mildew.'  These 
fine  shoots  afterward  collect  together,  and  their  appearance  may  then  be 
compared  to  hoar  frost.    They  increase  rapidly,  assuming  gradually  a  more 
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compact  form,  like  the  external  coat  of  a  mushroom,  but  spread,  in  the  form 
of  leaves  alike  over  woodwork,  brickwork,  stonework  and  plastering,  being 
in  extent  larger  or  smaller,  in  proportion  probably  to  the  nutriment  the  wood 
affords.  The  colors  of  the  fungus  are  various;  sometimes  white  or  grayish 
white,  with  violet,  yellowish  brown,  or  a  deep  shade  of  fine,  rich  brown."  * 

The  parts  in  which  dry  rot  is  most  likely  to  occur  are  those  imbed- 
ded solidly  in  damp  plaster  or  masonry,  such  as  the  ends  of  beams 
built  into  walls,  bottoms  of  posts  imbedded  in  concrete,  sleepers 
bedded  in  damp  mortar  or  concrete,  beams  surrounded  solidly  with 
fire-proof  materials,  beams  in  damp,  close  and  imperfectly  ventilated 
cellars,  and  wainscots  or  other  finish  fixed  to  damp  walls.  Anything 
which  absorbs  moisture  and  confines  it  in  contact  with  wood,  par- 
tfcularly  if  accompanied  by  heat,  is  likely  to  accelerate  decay. 
Wet  or  unseasoned  lumber,  covered  with  paint,  tar,  plaster,  or  any 
material  which  prevents  the  moisture  from  drying  out,  is  quite  sure 
to  be  attacked  by  rot.  Sap-wood,  also,  is  more  subject  to  decay 
than  heart-wood,  and  doubly  so  where  the  latter  is  protected  by 
resinous  substances,  as  in  pine  and  cedar. 

Dry  rot  is  especially  dangerous,  as  it  not  only  eats  up  the  entire 
timber  in  which  it  originates,  but  the  germs  of  the  fungi  producing 
it  spread  themselves  to  all  adjacent  woodwork  whether  or  not  the 
latter  is  in  actual  contact  with  the  affected  pieces.  When  dry  rot  is 
discovered,  these  affected  pieces  should  be  immediately  removed,  if 
possible,  all  adjoining  woodwork  thoroughly  scraped  and  washed 
with  strong  acids  and  provisions  made  for  thorough  ventilation.  If 
the  rot  is  on  the  outside  of  the  timber,  and  has  not  penetrated  far, 
it  may  be  scraped  away  and  the  timber  treated  with  strong  acids; 
and  if  ventilation  is  furnished  the  rot  may  be  stopped.  Fortunately 
dry  rot  is  not  very  prevalent  in  our  northern  states,  but  in  some  of 
the  southern  states  great  caution  has  to  be  exercised  to  prevent  it. 

33!  COMMON  ROT  IN  TIMBER.  This  form  of  decay  can 
be  recognized  by  the  presence  of  yellow  spots  on  the  ends  of  timbers 
or  by  yellow  dust  in  the  cracks  and  checks,  especially  if  the  pieces 
are  in  contact.  Common  rot  is  caused  by  poor  ventilation  in  the 
sheds  in  which  the  timber  is  being  air-seasoned. 

34.  WORMS  WHICH  DESTROY  WOOD  IN  WATER. 
Among  the  little  animals  which  destroy  wood  in  water  are  the  fol- 
lowing: 

(i)  The  Limnoria  or  Gribble  (Limnoria  terebrans).  This  is  a 
crustacean  which  bears  a  resemblance  to  the  wood-louse  and  is 
about  the  size  of  a  rice-grain.     Both  water  and  air  are  necessary  to 

*  "Notes  on  Building  Construction/'  Part  III.    Rivington's  South  Kensington  Seriei. 
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its  life.  It  crawls,  swims  and  jumps.  It  bores  only  to  a  depth  of 
about  J4  an  inch,  devouring  the  wood-substance  with  its  mandibles, 
undermining  the  surface  until  it  becomes  brittle,  causing  the  surface 
to  be  finally  washed  away  by  the  waves  and  currents  and  leaving 
fresh  surfaces  for  renewed  attacks.  It  will  destroy  from  one  to 
three  inches  of  wood  per  year.  The  limnoria  always  works  in  large 
colonies  in  both  cold  and  warm  waters,  prefers  siliceous  shores, 
is  generally  most  destructive  at  low-water  mark  in  salty  water  and 
remains  between  the  high  and  low-water  levels. 

(2)  The  Lycoris  fucata.  This  is  a  small  many-legged  worm  re- 
sembling the  centipede,  and  living  in  the  mud.  It  is  a  vigorous 
enemy  of  the  teredo.  It  crawls  up  a  pile,  enters  the  hole  made  by 
the  teredo,  destroys  the  latter  by  devouring  it,  enlarges  the  entrance 
to  the  hole  and  makes  the  latter  its  home. 

(3)  The  Teredo  {Teredo  navalis).  The  teredo  or  "shipworm" 
belongs  to  the  mollusk-species,  and  is  the  most  active  of  the  worms 
which  destroy  wood.  Its  eggs,  laid  on  submerged  timber,  soon 
hatch  out  small,  rapidly  growing  worms,  each  with  an  auger-shaped 
shell-like  substance  on  its  head  which  enables  it  to  bore  into  the 
wood,  generally  in  the  direction  of  the  grain.  In  the  process  of 
boring  the  teredo  lines  the  hole  with  a  calcareous  deposit,  partly 
closes  the  outer  end  with  small  flaps  or  lids  and  gradually  increases 
in  size.  It  has  been  found  up  to  yi  of  an  inch  in  diameter  and 
varies  from  15  inches  to  6  feet  in  length.  It  is  found  only  in  salt 
water  and  prefers  the  warmer  climates,  although  it  is  sometimes 
found  in  cold  water.  It  works  from  half-tide  level  to  ground-level, 
preferably  in  clear  water  and  near  calcareous  shores. 

35.  METHODS  OF  PRESERVING  TIMBER.  For  ordinary 
building-construction  the  best  way  to  preserve  timber  from  decay 
is  to  have  it  thoroughly  seasoned  and  well  ventilated,  for  if  these 
conditions  are  secured  there  is  little  danger  of  rot. 

For  the  majority  of  buildings  designed  by  an  architect  it  is  prac- 
tically impossible  to  obtain  thoroughly  seasoned  lumber,  but  much 
can  be  done  to  secure  ventilation;  and  as  far  as  this  is  concerned 
large  beams  and  girders  last  longer  when  built-up  and  cased,  and 
posts  last  longer  when  bored  longitudinally,  as  described  in  Art.  16. 
When  built  into  masonry  walls,  a  space  for  ventilation  should  be 
left  around  the  ends  of  the  timbers. 

Wherever  beams  have  to  be  enclosed  air-tight,  some  means  of 
ventilation  should  be  provided  if  possible,  particularly  if  the  wood 
is  not  thoroughly  seasoned  or  if  there  is  any  chance  of  its  becoming 
damp.  In  all  outside  woodwork  care  should  be  taken  to  make  the 
joints  so  as  not  to  afford  a  lodgment  for  moisture.  All  woodwork 
exposed  to  the  atmosphere  is  generally  protected  by  paint  or  oil; 
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but  these  materials  should  not  be  applied  while  the  wood  is  wet  or 
damp,  nor,  if  practicable  to  temporarily  omit  them,  while  it  is 
green.  All  woodwork  in  contact  with  outside  masonry  should  have 
its  back  surfaces  painted. 

Posts  to  be  set  in  the  ground  should  either  be  dipped  in  coal-tar 
or  have  the  parts  to  be  buried  charred.  Timber  that  is  to  be  used 
in  sea-water  for  wharfs  and  similar  structures  and  for  construction 
subject  to  moisture,  but  not  constantly  wet,  such  as  piles  and  sleep- 
ers, should  be  impregnated  with  creosote  under  a  pressure  of  from 
30  to  40  pounds  per  square  inch.  There  are  several  processes  for 
preserving  timber,  briefly  described  in  the  following  paragraphs; 
but  the  filling  of  the  pores  with  creosote  is  admitted  to  be  equal 
in  efficiency  to  any,  and  for  protecting  wood  against  the  teredo  and 
other  worms,  it  is  at  present  admitted  to  be  the  best  treatment. 

The  following  are  some  of  the  best-known  methods  used  for  the 
preservation  of  timber: 

Boucherie*s  Process.  In  Germany  this  process  is  much  used,  posts  treated 
by  it  having  a  life  of  over  30  years.  One  pound  of  sulphate  of  copper  to 
8  to  12  gallons  of  water  is  applied  to  the  timber  under  a  pressure  of  15 
pounds  per  square  inch.  To  be  effective  the  timber  should  be  subjected  to 
this  process  not  later  than  ten  days  after  it  is  cut. 

Burnett's  Process  or  Burnettizing.  This  process  consists  in  impregnating 
the  timber  with  zinc  chloride  under  pressure.  The  solution  used  consists 
of  43  per  cent  of  zinc  chloride,  55  per  cent  of  water  and  2  per  cent  of  im- 
purities, such  as  iron,  lead,  etc.,  and  is  heated  to  150°  Fahr.  before  use. 
This  process  is  common  in  Europe  and  is  coming  into  use  in  the  United 
States  in  the  treatment  of  railroad  ties.  The  load  of  timber,  or  "charge" 
as  it  is  called,  is  placed  in  a  large  retort  made  of  metal  and  the  doors 
bolted  shut.  Live  steam  at  20-pounds-pcr-square-inch  pressure,  is  introduced 
into  a  20-inch  vacuum  produced  in  the  retort,  continued  about  five  hours  and 
then  blown  off.  The  retort  is  then  drained  and  after  a  second  vacuum  of 
from  22  to  26  inches  has  been  formed,  the  zinc-chloride  solution,  under  a 
pressure  of  from  120  to  150  pounds  per  square  inch,  is  introduced  and 
maintained  until  the  required  amount,  about  ^V\oo  of  a  poimd  of  zinc  per 
cubic  foot  of  wood,  has  been  injected.  From  eight  to  twelve  hours  are 
required  for  the  completion  of  the  process,  after  which  the  surplus  is  drained 
off  and  the  timber  taken  out.  The  ease  of  impregnation  increases  with  the 
greenness  of  the  timber. 

Creosoting.  While  this  process  is  one  of  the  best  for  the  preservation  of 
timber  and  particularly  from  the  ravages  of  the  teredo  or  shipworm,  its 
use  is  not  practicable  for  the  woods  of  interior  trim  and  decorative  work. 
Construction-timber  to  be  treated  is  placed  on  small  trucks  or  **bogies"  and 
run  into  cylinders  varying  from  6  to  9  feet  in  diameter.  Steam  is  then 
turned  in  and  continued  until  all  parts  of  the  charge  are  thoroughly  heated 
and  the  vaporizing  of  the  sap  effected,  the  time  required  varying  from 
thirty  minutes  to  several  hours.    A  pump  then  removes  the  steam  and  sap 
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and  causes  a  partial  vacuum  into  which  is  turned  distilled  coal-tar  or  creo- 
sote-oil at  a  temperature  of  i6o°  Fahr.,  filling  the  cylinder.  A  pressure  of 
from  150  to  200  pounds  per  square  inch  is  maintained  until  the  timber  ab- 
sorbs and  retains  about  5  pounds  of  oil  per  cubic  foot,  after  which  the  sur- 
plus oil  is  drawn  off  and  the  charge  removed.  The  entire  process  requires 
about  twenty-four  hours,  from  12  to  18  pounds  of  oil  per  cubic  foot  being 
required  for  timber  that  is  green  and  hard  and  a  smaller  amount  for  that 
which  is  well-seasoned. 

Kyan's  Process.  Bichloride  of  mercury  (corrosive  sublimate)  is  used  to 
impregnate  the  timber,  the  mixture  used  being  one  pound  of  the  bichloride 
to  six  gallons  (50  pounds)  of  water. 

Payne's  Process.  The  timber  is  placed  in  a  vacuum  and  an  injection  of 
sulphate  of  iron  is  followed  by  one  of  sulphate  of  lime  or  soda-solution. 
The  wood  is  made  incombustible,  also,  by  this  process. 

Seely's  Process.  This  treatment,  which  is  a  modification  of  a  creosote- 
process,  involves  the  use  of  creosote-oil,  which  is  placed  in  a  tank  and  heated 
to  a  temperature  of  from  212  to  300°  Fahr.  The  timber  is  immersed  in  it 
until  the  moisture  in  the  wood  is  expelled,  after  which  the  hot  oil  is  with- 
drawn and  the  timber  subjected  to  a  cold  bath.  The  wood  absorbs  about 
4  pounds  of  oil  per  cubic  foot. 

Thiltnany's  Process.  This  process  consists  in  impregnating  the  wood  with 
zinc  or  copper  sulphate.  Green  wood  generally  gives  the  quickest  results, 
requiring  less  steaming.  The  timber  to  be  treated  is  placed  on  flat  cars, 
run  into  the  cylinders  and  steamed  until  the  sap  is  driven  out.  The  air  and 
condensed  moisture  are  then  removed  by  an  air-pump,  causing  a  vacuum 
in  the  cylinder  which  is  then  filled  with  a  solution  of  copper  or  zinc  sulphate 
maintained  at  a  pressure  of  from  80  to  100  pounds  per  square  inch.  The 
remaining  solution  is  then  removed  and  replaced  by  a  one-per-cent  solution 
of  barium  chloride  under  a  similar  pressure. 

Vulcanvsing.  The  timber  is  placed  in  a  closed  vessel  under  pressure  to 
prevent  the  sap  from  vaporizing  when  subjected  to  heat,  which  is  gradually 
increased  to  400°  Fahr.  An  increase  of  pressure,  also,  accompanies  the  in- 
crease in  heat.  The  duration  of  the  process  is  generally  also,  about  eight 
hours  for  softwoods  and  from  ten  to  twenty  hours  for  hardwoods.  For  the 
vulcanizing  of  ordinary  woods  about  400**  Fahr.  is  considered  sufficient,  and  it 
results  in  making  the  sap  in  the  cells  undecomposable  and  insoluble. 

Wellshouse's  Process.  In  this  process  the  timber  is  placed  in  a  cylinder, 
5teame4  for  from  one  to  three  hours  and  then  saturated  with  a  solution  of 
glue  and  zinc  chloride  which  is  forced  into  the  cylinder  under  pressure. 
This  is  followed  by  an  injection  of  tannin,  resulting  in  a  combining  of  the 
tannic  acid  and  the  glue  in  the  wood,  and  the  precipitation  of  the  same 
in  the  form  of  an  insoluble  compound.  The  zinc  is  retained  by  the  wood 
and  the  excess-glue  is  precipitated  by  an  excess  of  tannic  acid  added  for  this 

purpose. 

Processes  using  creosote  and  zinc  chloride,  or  a  combination  of  the  two 
as  the  preservative  agents,  are  the  ones  commonly  used  in  the  United  States. 

"There  are  two  principal  methods  of  injecting  the  preservatives  in  common 
use  into  the  timber.    These  may  be  called  the  'pressure-cylinder'  method  and 
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the  'open-tank*  method.    A  third  process,  known  as  the  'brush'  method,  is 
used  to  a  more  limited  extent."  * 

9.    VARIETIES  OF  TIMBER  USED  IN  THE  UNITED 
STATES-     THEIR  CHARACTERISTICS  AND  USES.f 

36.  GENERAL  CLASSIFICATION  .The  woods  used  for 
building  purposes  may  be  divided  into  two  general  classes :  A,  the 
coniferous  or  needle-leaved  woods  and  B,  the  broad-leaved  woods. 

Needle-leaved  woods  are  characterized  by  a  simple,  uniform 
structure,  the  presence  of  resins  and  lighter  weights.  They  are 
soft,  stiff,  abundant  in  large  sizes  and  form  the  greater  part  of  all 
lumber  used.  They  are  variously  known  as  "needle-leaved  woods," 
"soft-woods,"  "conifers"  and  "evergreens." 

Broad-leaved  woods  are  characterized  by  complex  fiber-condi- 
tions, absence  of  resins  and  greater  weights.  Difficulty  in  working 
them  increases  in  proportion  to  the  complication  of  their  structure. 
Most  of  them  are  deciduous,  that  is,  shedding  the  leaves  every  sea- 
son and  they  are  variously  known  as  "broad-leaved  woods,"  "decidu- 
ous trees"  and  "hard-wood  trees." 

37.  A.  THE  CONIFEROUS  OR  NEEDLE-LEAVED 
WOODS.  These  woods  include  nearly  all  of  the  soft  woods  and 
furnish  nearly  all  of  the  framing-timber  and  the  larger  part  of  that 
used  for  finishing. 

38.  I.  PINE.  {Pinus.)  The  pine  is  used  more  extensively 
for  building  purposes  than  any  other  kind  of  wood;  it  is  the  prin- 
cipal wood  in  common  carpentry  and  also  in  heavy  construction. 
It  usually  grows  to  a  great  height,  with  a  few  branches  and  straight 
cylindrical  stems,  thus  affording  boards  and  timbers  of  considerable 
size  and  length.  It  also  forms  vast  forests,  which  greatly  facilitate 
cutting  and  shipping. 

There  are  many  varieties  of  pine  used  for  building  purposes,  but 
the  following  only  are  used  to  any  great  extent : 

39.  I.  SOFT  PINE,  (i)  Eastern  White  Pine  (Pinus 
strobus).    This  is  called,  also,  "soft  pine."    During  the  past  thirty 

•  Bulletin  No.  139,  **A  Primer  of  Wood-Preservation."  United  States  Department  of 
Agriculture. 

t  Much  valuable  data  for  this  division  of  the  subject  has  been  obtained  from  "The  Silva 
of  North  America,"  by  Charles  Sprague  Sargent,  Houghton,  Mifflin  &  Co.,  Boston  and 
New  York,  1890- 1905;  the  "Cyclopedia  of  American  Horticulture,"  by  L.  H.  Bailey,  The 
Macmillan  Co.,  New  York,  1901;  "The  Principal  Species  of  Wood,"  by  Charles  Henry 
Snow,  John  Wiley  &  Sons,  New  York,  1903;  "Timber  and  Timber  Trees,"  by  Thomas 
Haslett  and  H.  Marshall  Ward,  The  Macmillan  Co.,  New  York,  1894;  "The  Treasury  of 
Botany,"  by  John  Lindley  and  Thomas  Moore,  Longmans,  Green  &  Co.,  New  York,  1876; 
and  from  the  various  publications  of  the  United  States  Department  of  Agriculture,  Forest 
Service,  and  of  the  Department  of  Commerce  and  Labor,  Bureau  of  the  Census.  (See, 
also.  Arts.  28,  29,  78,  79,   168  and  235). 
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years  it  has  been  obtained  principally  from  Michigan,  Wisconsin 
and  Minnesota.  At  an  earlier  period  it  was  obtained  from  Pennsyl- 
vania and  New  York  and  still  earlier  the  center  of  supply  was 
New  England.  This  tree  was  formerly  the  most  important  timber- 
tree  of  the  Union,  furnishing  the  best  quality  of  soft  pine.  The 
supply  has  been  so  far  exhausted  that  the  wood  is  now  used  prin- 
cipally for  finishing-purposes,  as  deck-material  for  small  vessels,  for 
fishing-dories,  parts  of  furniture^  and,  in  lessening  quantities,  for 
shingles.* 

The  second  growth,  however,  in  some  regions  is  meeting  a  heavy 
demand. 

**In  Massachusetts,  for  example,  the  cut  in  1908  was  238  million  feet,  and 
practically  all  of  it  was  second-growth.  It  is  not  improbable  that  a  similar 
cut  can  be  made  each  year  in  the  future  from  the  natural  growth  of  white 
pine  in  that  state.  It  might  be  shown  by  a  simple  calculation  that  if  one- 
tenth  of  the  original  white-pine  region  were  kept  in  well-protected  second- 
growth,  like  that  in  Massachusetts,  it  would  yield  annual  crops  successively 
for  all  time,  as  large  as  the  white-pine  cut  in  the  United  States  in  1908.  To 
do  this  would  require  the  growth  of  only  25  cubic  feet  of  wood  per  acre 
each  year,  and  good  white-pine  growth  will  easily  double  that  amount. 
The  supply  of  white-pine  lumber  need  never  fail  in  this  country,  provided 
a  moderate  area  is  kept  producing  as  a  result  of  proper  care."t 

The  wood,  when  of  good  quality,  is  creamy-white  in  color,  soft, 
straight-grained,  light  in  weight  and  very  easily  cut.  It  contains 
very  little  resin  and  is  durable  only  in  dry  air.  In  transverse 
strength  it  is  the  weakest  of  all  woods  used  in  building,  with  the 
exceptions  of  hemlock  and  redwood.  It  also  swells  or  shrinks  se- 
riously when  the  hygrometric  state  of  the  atmosphere  changes 
greatly ;  but  on  the  other  hand  it  has  the  advantages  of  being  free 
from  knots  and  very  easily  worked.  Its  most  valuable  character- 
istic, however,  is  its  freedom  from  warping  and  cracking  in  the 
process  of  seasoning.  It  probably  stays  in  place,  or  "stands," 
better  than  any  other  wood  and  is  the  best  to  use  for  solid  doors, 
sashes  or  light  framing  of  any  kind.  It  makes,  also,  the  best 
base  for  veneered  work,  and  is  remarkably  well  adapted  to  the 
work  of  the  patternmaker.  When  protected  by  paint,  it  is  the  best 
of  all  the  northern  woods  for  outside  finish  and  is  best  adapted  to 
all  joiner's  work  that  is  to  be  painted.     The  best  qualities  are  so 

*  The  production  of  white-pine  shingles  in  the  United  States  in  1910  was  i.i  per  cent 
of  the  total  shingle-output.  The  red  cedar  of  the  Northwest  and  the  white  cedar  of  the 
Lake  States  furnished  77.9  per  cent  of  the  total  production.  Bureau  of  the  Census, 
Department  of  Commerce  and  Labor,  Forest  Products  Bulletin  No.  2,  "Lumber,  Lath,  and 
Shingles,'*     1910. 

t  "Uses  of  Commercial  'Woods  in  the  United  States.**  United  States  Department  of 
Agriculture,  Forest  Service,  Bulletin  No.  99,   191 1. 
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expensive,  however,  that  whitewood  and  other  woods  are  now  often 
used  as  substitutes.  The  highest  grades  of  white  pine  vary  little 
in  cost  from  mahogany,  oak,  or  black  walnut. 

(2)  Sugar  Pine  (Pinus  lambertiana) .  A  very  large  tree  form- 
ing extensive  forests  with  the  balsam-fir  in  Oregon  and  California, 
and  growing  principally  at  heights  of  from  1,000  to  10,000  feet 
above  sea-level.  It  much  resembles  the  eastern  white  pine  and  is 
used  for  the  same  purposes,  although  its  standing-qualities  and 
working-qualities  are  not  quite  equal  to  those  of  the  former.  The 
wood  is  used  for  framing,  interior  finish,  doors,  blinds,  sashes,  etc. 

(3)  Western  White  Pine  (Pinus  monticola).  This  tree  is 
known  locally,  also,  as  "soft  pine,"  "silver  pine,"  "white  pine," 
"mountain  pine"  and  by  various  other  names.  Its  commercial  range 
lies  principally  in  Montana,  Idaho,  Washington,  Oregon  and  Cali- 
fornia, the  largest  cut  being  from  Idaho.  It  seldom  grows  alone, 
usually  forming  but  a  small  part  of  the  forests  m  which  it  is  found. 
The  wood  is  soft,  not  strong,  light  in  weight  and  flexible.  It  has 
a  fine,  straight  grain,  is  slightly  resinous  and  is  light  brown  or  red 
in  color  with  the  sap-wood  nearly  white.  The  heart-wood  is  fairly 
durable  in  contact  with  the  soil.  Although  the  wood  works  as  easily 
with  tools  as  does  eastern  white  pine,  its  stiffness  surpasses  that  of 
the  latter  by  12  per  cent  and  its  weight  is  a  little  greater.  It  is  used 
for  many  purposes,  locally,  but  is  principally  in  demand  for  distant 
markets. 

Another  variety  of  western  white  pine,  the  Pinus  flexilis,  forms 
mountain- forests  of  considerable  extent  in  the  Rocky  Mountains 
from  Montana  to  Mexico.  It  is  used  for  general  building  pur- 
poses. 

(4)  Pitch  Pine  (Pinus  rigida).  This  is  found  along  the  At- 
lantic coast  from  Canada  to  Georgia  and  is  used  for  coarse  lumber, 
flooring,  door-frames,  window-frames,  mine-timbers  and  interior 
finish. 

40.  2.  HARD  PINE,  (i)  Norway  Pine  (Pinus  rcsinosa). 
This  tree,  known  also  as  "red  pine,"  "hard  pine"  and  "Canadian 
red  pine,"  has  a  commercial  range  which  lies  in  Michigan,  Minne- 
sota and  Wisconsin,  and  in  the  provinces  of  Canada.  A  small 
quantity  is  cut  in  New  York,  Pennsylvania  and  New  England.  It 
attains  a  height  of  from  70  to  125  feet,  with  a  diameter  of  from 
2  to  3  feet  at  the  base,  the  trunk  continuing  of  uniform  diameter 
for  two-thirds  of  its  length.  The  following  are  the  characteristics 
of  this  wood :  Light  in  weight,  not  strong,  moderately  soft ;  grain 
rather  coarse,  even  and  straight;  compact;  annual  rings  rather 
wide;  summer-wood  not  broad,  light-colored,  resinous;  resin-pas- 
pages  few,  small,  not  conspicuous;  medullary  rays  few,  thin;  color 
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light  red,  sap-wood  yellow  or  often  almost  white;  readily  worked 
with  tools;  not  durable  in  the  soil.  Its  strength  is  about  equal  to 
that  of  spruce  and  it  is  used  principally  for  framing-timber. 

(2)  Long-leaf  Pine  (Pinus  pdustris).  Few  woods  have  a 
greater  number  of  names  in  different  localities  than  this  tree  and 
this  is  the  wood  generally  referred  to  when  "yellow  pine"  or 
"Georgia  pine"  is  specified.  It  is  the  most  valuable  of  all  the 
southern  pines,  both  on  account  of  its  superior  strength  and  dura- 
bility and  also  on  account  of  its  large  size,  which  enables  very  long 
timbers  to  be  cut  from  it.  This  tree  attains  a  height  of  from  55 
to  100  feet  and  a  diameter  of  from  ij4  to  3  feet.  The  following 
are  its  chief  characteristics:  heavy,  hard,  very  strong;  tough;  grain 
fine,  even,  straight;  compact;  annual  rings  narrow,  especially  in 
young  and  old  growth;  proportion  of  heart- wood  large;  very 
resinous,  resin-passages  numerous  and  large;  medullary  rays  nu- 
merous, conspicuous;  color  light  red  or  brown,  the  thin  sap-wood 
light  yellow ;  durable  in  contact  with  the  soil.  Though  not  so  tough 
and  elastic  as  white  oak,  the  best  long-leaf  pine  successfully  rivals 
it  in  stiffness.  "If  a  beam  of  each  kind  of  timber,  equal  in  dimen- 
sions, be  supported  at  the  ends,  the  oak  beam  will  depart  most 
from  its  'mold,'  but  will  break  under  about  the  same  load." 

This  variety  of  pine  is  principally  obtained  from  the  southern 
Atlantic  and  Gulf  States,  that  obtained  from  the  latter  being  now 
considered  the  better  timber.  It  is  largely  used  throughout  the 
Eastern  and  Middle  States  for  heavy  framing-timbers.  Only  one 
other  timber  in  the  United  States  at  present  (1913)  stands  on  an 
equal  footing  with  long-leaf  pine  in  heavy  construction,  such  as 
beams,  girders,  sills,  sleepers,  joists,  trusses,  rafters,  columns  and 
heavy  floors  and  planking,  and  that  is  Douglas  fir.  It  is  said 
that  lumber  dealers  do  not  always  distinguish  between  long-leaf, 
short-leaf,  loblolly  and  Cuban  pines ;  but  long-leaf  pine  is  the  most 
important  of  the  group.  Its  strength,  stiffness  and  freedom  from 
defects  and  its  lasting  properties  fit  it  for  many  places  in  heavy 
construction.  The  demand  for  pieces  of  unusual  size  is  met  to  a 
large  extent  by  southern  mills  which  cut  this  species;  but  "it 
has  been  roughly  calculated  that,  at  the  present  rate  of  cutting 
(1911),  the  supply  of  southern  pines  will  last  only  from  20  to  30 
years."  * 

The  wood  is  also  much  used  for  interior  finish,  for  which  pur- 
pose, however,  it  should  be  finished  in  varnish  or  hard  oil,  as  it 
contains  too  much  pitch  to  take  paint  well. 

(3)  Short-leaf  Pine  (Pinus  echinata).    The  commercial  range 

•  "Uses  of  Commercial  Woods  of  the  United  States:     II.  Pines,"    U.  S.  Department  of 
Agriculture,  Forest  Service.     Bulletin  No.  99,   191  >• 
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of  this  wood  lies  principally  in  Alabama,  Arkansas,  Georgia,  Louisi^ 
ana,  Missouri,  North  Carolina,  South  Carolina  and  Texas.  It  is 
known  under  many  names  in  different  localities,  among  them  being 
"common  yellow  pine,"  "Virginia  yellow  pine*'  and  "North  Caro- 
lina yellow  pine."  The  tree  attains  a  height  of  from  60  to  90  feet 
and  a  diameter  of  from  ij4  to  6  feet.  In  color,  appearance  and 
grain  the  wood  resembles  the  long-leaf  pine.  In  regard  to  struc- 
tural qualities  the  wood  is  variable,  usually  hard,  tough,  strong, 
durable,  resinous  and  lighter  than  long-leaf  pine.  It  is  also  less 
elastic,  and  consequently,  when  an  architect  wishes  timber  to  sus- 
tain pressure  and  withstand  shocks  he  selects  the  long-leaf.  In 
nearly  all  other  situations,  the  short-leaf  serves  as  well  and  some- 
times its  lighter  weight  makes  it  more  desirable  than  the  other. 
Its  uses  are  as  varied  as  those  of  the  long-leaf. 

(4)  Loblolly  Pine  (Pinus  faeda).  This  variety  occurs  com- 
mercially from  Delaware  to  Florida  and  westward  intermittently  to 
Texas.  The  lumber  which  now  reaches  the  market  is  largely  of 
second  growth  and  perhaps  no  other  species  in  the  United  States 
at  present  (1913)  yields  so  large  a  lumber-supply  from  such  growth. 
The  tree  attains  a  height  of  from  70  to  120  feet  and  a  diameter  of 
from  2  to  4  feet.  The  wood  resembles  the  long-leaf  and  short-leaf 
pines  in  color,  general  appearance  and  grain  as  it  does  also  in  gen- 
eral structural  qualities,  although  it  is  not  as  stiff  as  long-leaf  or 
short-leaf  pine.  Its  flexual  strength  is  less  than  that  of  the  long- 
leaf  but  greater  than  that  of  the  short-leaf  pine.  Its  range  of 
uses  is  wide  and  it  is  sold  in  all  eastern  and  central  parts  of  the 
United  States  and  exported  to  Europe  and  Central  America. 

(5)  Cuban  Pine  (Pintis  heterophylla).  This  tree  is  classed 
among  the  hard  pines  and  is  found  on  the  coast  from  South  Caro- 
lina into  Texas.  It  is  known,  also,  as  "slash  pine,"  "swamp-pine" 
and  "spruce-pine"  and  by  other  names.  It  somewhat  resembles 
long-leaf  pine  and  loblolly  pine  and  for  many  years  was  marketed 
for  them.  It  is  stronger  and  more  elastic  than  either.  Its 
range  of  uses  is  as  wide  as  those  of  the  loblolly  or  long-leaf  pines. 
Besides  its  use  for  ordinary  framing  it  has  a  place  among  interior- 
finish  materials  and  is  employed  for  all  general  construction  pur- 
poses.    It  yields  readily  to  preservative  treatment. 

(6)  Western  Yellow  Pine  (Pinus  ponderosa).  Few  trees  have 
a  commercial  range  as  wide  as  that  of  western  yellow  pine,  for  it 
covers  about  one-third  of  the  United  States.  It  grows  in  the  Rocky 
Mountain  states  and  westward  to  the  Pacific  Ocean,  reaching  its  best 
development  on  the  coast.  The  tree  has  a  number  of  names  by 
which  it  is  known  in  different  localities,  some  of  the  names  being 
applied  to  entirely  different  pines.     It  is  often  known  as  "California 
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white  pine."  Its  range  is  so  extensive  that  it  does  not  present  the 
same  appearance  and  characteristics  everywhere.  It  reaches  a 
height  of  from  lOO  to  200  feet  and  a  diameter  of  from  3  to  7  feet. 
The  following  are  the  chief  characteristics  of  the  wood :  Compara- 
tively light  in  weight  and  not  strong,  although  heavier  and  stronger 
than  the  eastern  white  pine  or  the  sugar  pine  of  the  far  West,  and 
in  some  respects,  chiefly  in  appearance,  bearing  considerable  resem- 
blance to  both ;  grain  fine,  often  twisted ;  annual  rings  variable  in 
width,  summer-wood  broad  or  narrow,  resinous;  resin-passages 
medium  and  rather  numerous ;  medullary  rays  not  numerous,  promi- 
nent ;  color  light  to  reddish,  thick  sap-wood  almost  white ;  not  dur- 
able in  untreated  condition,  but  readily  receives  treatment. 

Its  uses  range  from  the  coarsest  construction  to  highly  finished 
products.  House-frames,  beams,'  joists,  rafters,  sills,  sheathing  and 
studding  are  cut  in  all  workable  dimensions.  Sashes  and  blinds  and 
other  finished  products  of  this  wood  are  sold  at  home  and  abroad 
as  white  pine.  It  is  used  very  largely  for  flooring  and  ceiling,  is 
made  into  several  kinds  of  interior  finish,  moldings,  balusters,  rail- 
ings, newels,  panels,  etc.,  and  for  these  purposes  is  shipped  as  far 
east  as  Wisconsin. 

41.  EFFECT  OF  TAPPING  RESINOUS  PINE.  Tapping 
trees  for  their  resin  or  turpentine  is  called  "boxing"  or  "bleeding." 
It  has  be^n  generally  believed  that  the  tapping  of  resinous  pines 
is  injurious  to  the  strength  of  the  timber.  Recent  tests,  however, 
made  by  the  Forest  Service  of  the  United  States  Department  of 
Agriculture,  have  shown  conclusively  that  this  belief  is  erroneous. 
Not  only  are  the  strength,  weight  and  shrinkage  unaffected  by  tap- 
ping, but  the  chemical  properties  are  largely  unchanged ;  and  there 
is  no  reason  to  believe  that  it  in  any  way  affects  the  durability  of 
the  lumber.  It  is  difficult  to  discern  any  difference  between  bled 
and  unbled  timber. 

42.  II.  SPRUCE  (Picea),  This  tree  forms  forests  in  North 
America  and  Europe  and  is  widely  distributed  throughout  the 
United  States.  In  the  statistics  of  forest  products  during  recent 
years  as  many  as  thirty  states  have  reported  this  lumber.  Until 
very  recently  little  attempt  has  been  made  to  distinguish  between 
various  species  in  the  statistics  of  spruce  lumber.  Maine  has  always 
been  the  chief  spruce-lumber-producing  state,  still  furnishing  almost 
one- fourth  of  the  total,  and  has  been  followed  during  recent  years 
by  West  Virginia,  Washington  and  New  Hampshire.  In  1910  the 
New  England  States  produced  the  largest  amount  of  spruce  lumber, 
followed  by  the  Pacific  Coast  States,  the  southern-Appalachian 
States,  the  Lake  States  and  the  Rocky  Mountain  States.  The  trees 
attain  a  height  of  from  40  to  150  feet  and  a  diameter  of  from  i  foot 
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to  3  feet.  The  trees  of  the  Sitka  spruce  sometimes  have  a  diameter 
of  6  feet. 

The  wood  of  the  spruce  is  soft,  light  in  weight  and  resembles  and 
is  considered  a  good  substitute  for  soft  pine.  It  is  light  in  color, 
generally  straight-grained  and  compact.  Spruce  and  fir  woods  have 
often  been  confused  and  mistaken  one  for  the  other. 

It  warps  and  twists  much  more  than  pine,  and  is  on  that  account 
not  a  good  wood  for  posts,  girders  and  truss-timbers.  It  makes 
excellent  floor-joists  and  studding,  however,  and  has  always  been 
more  largely  used  in  New  England  for  framing  than  any  other  wood. 
It  cannot,  however,  be  obtained  in  very  great  lengths  oj  large  sizes, 
except  in  the  far  West. 

Next  to  the  southern  hard  pines,  Douglas  fir  and  Norway  pine, 
the  author  considers  spruce  the  best  framing-timber  we  have.  It 
has  been  and  is  still  largely  used  in  the  Eastern  States  for  flooring 
and  siding  or  clapboards  and  for  dressed  sheathing,  laths,  fur  ring- 
stock,  etc. 

There  are  several  species  of  spruce-furnishing  timber  for  build- 
ing purposes.  The  product,  however,  has  been  generally  divided 
commercially  and  according  to  appearance,  but  irrespective  of 
species,  into  white,  black  and  red  spruce. 

1.  White  Spruce  (Picea  alba)  predominates  in  the  eastern 
United  States  and  Canada  to  Labrador,  jind  is  still  cut  to  some  ex- 
tent in  New  England. 

2.  White  Spruce  (Picea  engelmanni)  is  cut  in  Utah,  Idaho,  Mor* 
tana,  Colorado  and  Wyoming. 

3.  Black  Spruce  (Picea  nigri)  is  found  from  Pennsylvania  to 
Minnesota,  in  the  Allegheny  Mountains  to  North  Carolina  and  in 
Canada. 

4.  Red  Spruce  (Picea  rubens)  closely  resembles  the  black  spruce. 
Since  1910  it  has  been  the  principal  species  cut,  as  it  is  the  leading 
species  in  New  England  and  on  the  slopes  of  the  southern  Appa- 
lachians. 

5.  Sitka  Spruce  (Picea  sitchensis)  is  the  largest  of  all  native 
spruces  and  is  cut  along  the  Pacific  Coast  in  northern  California 
and  in  Oregon  and  Washington.  It  forms,  also,  20  per  cent  of  the 
stand  in  the  coast-region  of  south-east  Alaska. 

43.  III.  FIR  (Abies).  This  tree  is  found  scattered  through- 
out northern  pineries  from  Minnesota  to  Virginia  and  northward 
intermittently  into  Canada  in  the  Rocky  Mountain  regions,  Coast 
Ranges,  North- Western  and  Pacific  Coast  States.  In  the  Western 
United  States  some  of  the  fir  trees  attain  a  very  great  size,  250  feet 
in  height  and  10  feet  in  diameter.  The  wood  resembles  that  of  the 
spruce  tree  in  general  appearance  and  structural  qualities,  but  may 
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be  distinguished  from  it  ai^d  from  pine  and  larch  by  the  fact  that 
it  has  no  resin-ducts.  It  is  light  in  weight  and,  with  the  excep- 
tion of  the  Noble  Fir  {Abies  nobilis),  which  is  hard,  strong  and 
elastic,  is  generally  relatively  soft  and  weak.  The  western  vari- 
eties are  used  locally  for  various  framing  purposes  and  interior 
finish.  The  eastern  varieties  are  occasionally  used  as  inferior  lum- 
ber. 

"The  term  'western  fir'  is  used  commercially  to  cover  Alpine  fir  in  the 
Rocky  Mountains,  white  fir  in  the  Rockies  and  on  the  Pacific  Coast  and  the 
noble  fir  and  other  Pacific  Coast  firs."* 

The  term  '.white  fir*  is  used  commercially  to  cover  two  or  three  firs  of 
the  Rocky  Mountains  and  Pacific  Coast  which  are  cut  to  a  small  extent  for 
lumber.  Most  of  the  so-called  *white-fir*  lumber  cut  is  undoubtedly  of  the 
two  species  known  as  Abies  concolor  and  Abies  nobilis,  the  latter  being  known 
also  as  'red  fir*  and  'noble  fir.*  This  white  fir  should  not  be  confused  with 
Douglas  fir  (Pseudotsuga  taxifolia),  which  botanically  is  not  a  fir  and  the 
wood  of  which  is  entirely  different  from  that  of  the  white  fi^.^f 

The  term  "balsam  fir"  is  applied  commercially  to  the  species  grow- 
ing principally  in  the  Eastern  States  and  known  botanically  as 
Abies  balsamea.  In  the  lumber-production  statistics  it  was  not  re- 
ported separately  prior  to  1907. 

44.  IV.  DOUGLAS  FIR  tfPseudotsuga  taxifolia).  This 
species,  which  is  neither  true  pine,  spruce,  nor  fir,  but  a  sort  of 
bastard  hemlock,  is  now  considered  by  many  as  the  most  important 
of  the  American  woods.  Its  geographical  range  extends  over  ten 
States,  from  Colorado  and  New  Mexico  westward  and  north- 
westward to  the  Pacific  Coast  and  to  southern  and  central  British 
Columbia.  Its  best  development  and  heaviest  stands  are  found  in 
western  Washington,  western  Oregon,  northern  California  and 
Idaho  and  the  quantity  of  this  wood  is  probably  greater  than  that 
of  any  other  softwood  and  greater  than  the  combined  stand  of  all 
the  hardwoods.  Though  in  production  it  ranks  second  to  southern 
yellow  pine,  in  rapid  growth,  comparatively  wide  distribution  and 
great  variety  of  uses  to  which  it  can  be  put,  it  may  be  placed  first. 
The  completion  of  the  Panama  Canal  by  way  of  which  it  will  be 
shipped  to  Atlantic  Coast  ports  and  other  markets  will  undoubtedly 
largely  increase  its  use. 

The  tree  and  wood  are  known,  also,  by  various  other  names  in 
diflferent  sections  of  the  country,  but  the  name  "Douglas  fir"  has 

♦  "The  Timber  Supply  of  the  United  States."     Forest  Service,  Circular,  No.  i66,  1909. 

t  "Forest  Products  of  the  United  States  for  1908."  Bureau  of  the  Census,  Department 
of  Commerce  and  Labor.     Forest  Products,  No.  10,  1909. 

t  In  addition  to  the  latest  government  reports,  the  Douglas  Fir  Sales  Company  of  Port- 
land, Oregon,  furnished  valuable  data  for  this  article. 
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been  adopted  by  the  Forest  Service  and  by  various  trade  and  tech- 
nical associations  and  is  coming  into  general  commercial  use.* 

The  tree  attains  a  height  of  from  200  to  300  feet  and  a  diameter 
of  from  5  to  6  feet  and  is  vigorous,  hardy  and  of  rapid  growth.  The 
wood  is  hard,  not  very  heavy  and  fairly  durable,  qualities  which 
especially  recommend  it  for  structural  purposes.  It  varies  in  color 
from  a  decided  reddish  tinge  to  a  light  yellow  and  on  this  account 
is  sometimes  classified  as  "red  fir"  and  "yellow  fir."  The  grain  is 
straight,  but  may  vary  from  as  few  as  four  or  five  to  as  many  as 
forty-five  rings  to  the  radial  inch.  The  spring-wood  and  summer- 
wood  vary  greatly  in  density,  the  former  being  soft  and  spongy  and 
almost  white  and  the  latter  hard,  flinty  and  very  dark. 

In  regard  to  the  strength  of  Douglas  fir,  results  secured  from  tests 
on  structural  timber  of  this  and  some  other  woods  seem  to  indicate 
that  the  species  examined  may  be  grouped,  according  to  their  break- 
ing-strength for  bending,  compression  and  shear,  into  three  classes : 
Douglas  fir  and  long-leaf  pine  the  strongest;  loblolly  pine,  short- 
leaf  pine,  western  hemlock  and  western  larch  an  intermediate  group ; 
and  Norway  pine  and  tamarack  the  weakest.f 

In  regard  to  the  uses  of  Douglas  fir  it  may  be  said  that  it  is  manu- 
factured into  almost  every  form  known  to  the  sawmill-operator  and 
that  much  round  or  hewed  timber  is  used  which  never  passes 
through  a  sawmill.  All  sizes  are  supplied  and  pieces  30  by  30  inches 
in  cross-section  and  120  feet  in  length  are  not  uncommon.  Among  * 
the  general  industries  using  it  are  those  of  piling  and  poles ;  mine 
timbers,  railroad-ties  and  bridge  and  trestle-timbers;  timbers  for 
car-construction ;  nearly  all  kinds  of  lumber  for  houses,  material  for 
furniture-makers  and  boat-builders ;  special  products  for  cooperage, 
tanks,  paving-blocks,  boxes,  etc.  The  large-size  timbers  go  to  all 
parts  of  the  world. 

For  house-construction  Douglas  fir  is  manufactured  in  all  forms 


•  <i 


"Douglas  fir  (Pseudotsuga  taxifolia)  has  a  number  of  common  names  by  which  it  is 
known  in  the  Pacific  Northwest,  'Douglas  fir,'  'red  fir,'  'Douglas  spruce/  or  simply,  *fir.* 
In  commerce  it  is  also  called  'Oregon  pine/  'red  pine/  'Puget  Sound  pine/  'Washington 
fir/  and  'British  Columbia  pine.'  Of  all  these  names  'Douglas  fir/  the  one  adopted  by  the 
Forest  Service  after  a  lumber-census  in  which  this  name  was  used  more  than  all 
other  names  combined,  is  the  most  satisfactory,  being  absolutely  distinctive  and 
covering  various  forms  of  the  tree  which  are  known  by  local  names.  The  terms 
*red  fir'  and  'ye'lov  fir*  are  often  used  to  distinguish  between  two  fairly  distinct 
forms  of  wood  which  this  single  species  produces,  depending  upon  the  age  of  the 
tree  and  the  conditions  under  which  it  has  grown.  The  term  'red  fir'  is  applied  to 
trees  which  are  ordinarily  immature  and  have  rather  coarse-grained  and  red  dish- 
colored  wood;  the  term  'yellow  fir'  applies  to  trees  which  are  of  mature  age  and 
whose  wood  is  fine-grained,  yellow  in  color,  rather  soft,  and  easily  worked."  See  "The 
Growth  and  Management  of  Douglas  Fir  in  the  Pacific  Northwest."  Forest  Service,  U.  S. 
Department  of  Agriculture,  Circular  No.  175,  191 1. 

t  See  Table  3,  pages  18  and  19,  "Average  Results  of  Tests."     "Properties  and  Uses  of 
Douglas  Fir/'     U.  S.  Department  of  Agriculture,  Forest  Service.     Bulletin  No.  88,  191  x. 
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of  dimension-stock.  On  account  of  its  comparatively  light  weight 
combined  with  strength  it  is  especially  fitted  for  girders,  joists,  raft- 
ers and  other  timbers  carrying  loads.  It  is  practically  the  only 
lumber  used  in  some  parts  of  the  Pacific  States.  Its  comparative 
hardness  makes  it  suitable  for  flooring  and  it  is  used  for  beveled 
siding,  sashes  and  doors.  It  has  recently  gained  an  important  place 
for  inside  finish ;  and  when  the  clear  lumber  is  sawed  flat-grain  and 
shows  the  pleasing  figures  and  the  contrasts  between  the  spring- 
wood  and  summer-wood,  its  grain  is  considered  by  many  to  be  as 
attractive  as  that  of  quarter-sawed  oak.  The  beauty  of  the  grain  is 
more  strongly  brought  out  by  stain  which  the  wood  takes  well.  The 
chief  use  of  Douglas-fir  finish  is  for  doors  and  window-casings, 
base-boards  and  all  kinds  of  panel-work.  It  is  also  made  into  ve- 
neers which  are  used  chiefly  for  door-panels. 

45.  V.  HEMLOCK  (Tsuga).  There  are  two  species  of  hem- 
lock from  which  the  woods  used  in  building-construction  and  other 
industries  are  obtained,  the  eastern  hemlock  (Tsuga  canadensis)  and 
the  western  hemlock  (Tsuga  heterophylla). 

1.  Eastern  Hemlock  (Tsuga  canadensis).  This  species  is  found 
all  along  the  northern  boundary  of  the  United  States  and  in  Canada. 
The  trees  vary  from  medium  to  large  size.  The  wood  is  of  a 
light  reddish-gray  color,  free  from  resin-ducts,  moderately  durable, 
commonly  cross-grained,  rough  and  splintery  and  holds  nails  firmly. 
It  is  used  largely  in  New  England  for  small  scantlings  and  sheathing, 
or  "boarding,"  as  it  is  called  there;  it  is  very  liable  to  have  cup- 
shakes,  which  greatly  injure  it  when  used  for  framing-timbers.  It 
is  sometimes  used  for  cheap  finish. 

2.  Western  Hemlock  (Tsuga  heterophylla).  This  tree  forms  13 
per  cent  of  the  forests  of  Washington  and  is  abundant  in  many 
parts  of  Oregon.  Its  range  is  from  Alaska  southward  to  Marin 
County,  California,  to  the  coast-region  in  California  and  southern 
Oregon  in  the  southern,  and  east  to  Montana  in  the  northern  portion 
of  the  belt.  It  reaches  its  best  development  in  western  Washington 
and  Oregon,  but  rarely  occurs  in  pure  stands  of  great  extent.  It  has 
been  found  with  a  diameter  of  8  feet  and  a  height  of  250  feet  and 
occasionally  these  dimensions  have  been  exceeded.  Mature  trees 
are  from  3  to  5  feet  in  diameter  at  breast-height  and  the  trunk  is 
nearly  cylindrical.  Western  hemlock  has  suffered  so  severely 
through  the  reputation  of  its  eastern  relative  that  it  has  had  com- 
paratively little  market-standing.  The  wood  of  the  western  species, 
however,  is  far  superior  to  that  of  the  eastern  tree.  It  is  suitable 
for  use  in  all  but  the  heaviest  building-construction  work,  it  is  par- 
ticularly valuable  for  inside  finish,  and  its  qualities  entitle  it  to  rank 
among  the  valuable  timber-trees  of  this  continent. 
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For  many  years  farmers  have  used  this  wood  for  the  construction 
of  oat-bins,  etc.,  as  it  is  said  that  the  wood  is  distasteful  to  all 
rodents. 

"Experiments  made  in  Manila  indicate  that  western  hemlock  may  prove 
of  special  value  in  tropical  countries  where  most  woods  are  destroyed  by 
ants.  Since  the  depredations  of  ants  are  of  great  importance,  not  only  in 
the  Philippines  but  in  other  tropical  countries,  a  wood  which  will  withstand 
them  is  certain  of  a  good  market.  Although  cedar  and  redwood  have  the 
reputation  of  being  ant-proof,  they  are  not  adapted  to  many  uses  for  which 
the  western  hemlock  excels. 

"There  is  little  similarity  between  the  wood  of  the  eastern  and  western 
hemlock.  That  of  the  western  tree  is  light,  rather  hard,  straight-grained, 
has  a  sour  odor,  is  tasteless,  tough  and  usually  white,  although  sometimes 
reddish-brown  in  the  interior  of  the  tree.  This  discoloration  is  a  serious 
defect  in  timber  used  for  finishing.  Trees  thus  affected  are  commonly 
known  as  'black  hemlock,*  and  are  frequently  believed  to  belong  to  a  different 
species.  This  does  not  refer  to  the  true  black  or  alpine  hemlock,  which 
grows  only  at  great  altitudes  and  is  not  yet  available  for  lumber. 

"In  strength,  ease  of  working  and  freedom  from  warp  and  shakes,  west- 
ern hemlock  differs  greatly  from  the  eastern  species,  whose  deficiencies  in 
these  respects  are  its  chief  drawbacks.  Western  hemlock  can  not  be  classed 
in  strength  with  oak,  Douglas  fir,  red  fir,  or  long-leaf  pine,  nor  is  it  suitable 
for  heavy  construction,  especially  where  exposed  to  the  weather;  but  it 
possesses  all  the  strength  requisite  for  ordinary  building  material.  It  is 
largely ^used  in  Washington  for  mill-frames. 

"When  grreen,  hemlock  contains  much  water  and  is  very  heavy;  when 
dry  it  is  but  little  heavier  than  spruce  and  in  some  localities  no  heavier. 

"Hemlock  is  best  adapted  for  .uses  which  require  ease  of  working,  a  hand- 
some finish  and  lightness  combined  with  considerable  strength.  It  has  been 
found  suitable  for  flooring,  joists  and  scantling,  laths,  siding,  ceiling,  box- 
shooks,  turned  stock,  newel  and  pan  el- work  and  wooden  ware.  It  is,  how- 
ever, for  finishing  and  box-manufacture  that  it  is  most  certain  of  apprecia- 
tion when  it  becomes  better  known.  Taking  a  high  polish,  being  free  from 
pitch,  and,  when  properly  sawed,  showing  a  beautiful  grain,  it  is  an  ex- 
cellent wood  for  wainscots,  panels  and  newels.  It  is  harder  and  less  easily 
dented  than  redwood  or  cedar,  and  has  a  uniformly  firm  grain,  which  on 
drying,  does  not  show  the  minute  corrugations  characteristic  of  Douglas  fir 
and  other  trees  having  a  marked  difference  between  summer-wood  and 
fall-wood."  * 

46.  VI.  LARCH  OR  TAMARACK  (Larir).  This  wood,  well 
known  from  ancient  times,  has  two  principal  American  species 
which  are  called,  also,  among  other  names,  "hackmatack."  The 
foliage  is  deciduous.  The  trees  attain  a  height  of  from  70  to  125 
feet  and  a  diameter  of  from  i  foot  to  4  feet.     The  wood  is  hard, 

*  "The  Western  Hemlock."  United  States  Department  of  Agriculture,  Forest  Service, 
Bulletin  No.  33,  1902. 
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heavy,  strong  and  durable,  resembling  spruce  in  structure  and  hard 
pine  in  weight  and  appearance.  The  western  species  is  generally 
stronger,  stiffer  and  heavier  than  the  eastern.  It  is  used  principally 
for  posts,  poles,  sills,  ship-timbers,  and  railroad-ties. 

The  term  "larch"  is  used  to  designate  the  western  larch  or  tam- 
arack (Larix  occidentalis)  which  is  cut  in  Montana,  Idaho,  eastern 
Washington  and  Oregon. 

The  term  "tamarack"  is  applied  strictly  to  eastern  tamarack 
{Larix  laricina)  and  is  cut  chiefly  in  the  Lake  States,  Minnesota, 
Michigan  and  Wisconsin. 

47.  VII.  CEDAR  (Cedrus,  Thuja,  ChanuBcyparis,  Libocedrus, 
Juniperus),  The  name  "cedar"  was  first  applied  to  true  cedars  or 
Lebanon  cedars  {Cedrus),  of  the  eastern  continent.  Later  it  was 
applied  to  certain  other  trees  belonging  to  different  genera,  all,  how- 
ever, more  or  less  commonly  known  to  lumbermen  as  "cedars,"  be- 
cause of  the  general  similarity  of  appearance  of  the  growing  tree, 
the  numerous  common  characteristics  of  the  wood  and  the  similar 
uses  to  which  they  are  adapted. 

One  or  more  species  of  cedars  are  produced  in  every  region  of  the 
United  States  in  sufficient  quantity  to  be  of  use.  The  following 
eight  species,  representing  four  genera,  are  the  most  important,  con- 
sidered as  a  source  of  lumber  and  wood-supply : 

1.  Southern  White  Cedar  (Chanuscyparis  thy  aides).  The 
States  furnishing  most  of  the  supply  are  Delaware,  Florida,  Georgia, 
Maryland,  New  Jersey,  North  Carolina,  South  Carolina  and  Vir- 
ginia. Height  of  tree,  from  75  to  80  feet;  diameter,  2  to  4  feet 
(latter  exceptional).  Character  and  qualities:  very  light  in  weight, 
fragrant,  soft,  comparatively  weak;  grain  fine,  even  and  straight; 
color  light  brown  tinged  with  red;  easily  worked;  very  durable  in 
contact  with  the  ground.  Uses:  rough  construction,  poles,  posts, 
piles,  boats,  porch  and  piazza-columns  and  inside  finish. 

2.  Northern  White  Cedar  (Thuja  occidentalis).  The  chief  sup- 
ply comes  from  the  Lake  States  although  a  little  is  cut  in  about  a 
dozen  other  States.  Dimensions,  character  and  characteristics: 
about  the  same  as  for  southern  white  cedar.  Uses:  tanks,  fence 
materials,  store-fixtures.  This  wood  is  not  much  used  by  carpen- 
ters, because  its  softness  unfits  it  for  holding  nails  in  members  sub- 
ject to  stress. 

3.  Red  Cedar  (Juniperus  virginidna).  It  is  rather  dif- 
ficult to  define  the  commercial  range  of  this  wood,  but  at  present 
(1912)  the  chief  supply  comes  from  the  region  between  the  Ohio 
River  and  the  Gulf  of  Mexico.  The  tree  is  found,  however,  from 
Maine  to  Minnesota  and  south-west  to  Texas,  and  south  and  east  to 
those  lines.    Dimensions  of  tree :  height,  in  parts  of  its  range,  from 
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80  to  90  feet;  diameter  (extreme),  4  feet,  but  in  most  regions  not 
over  2  feet.  Character  and  qualities:  medium  weight,  soft,  not 
strong,  brittle,  fragrant,  grain  fine,  even  and  straight,  except  as 
interfered  with  by  knots ;  color  dull  or  sometimes  bright  red ;  easily 
worked ;  heart-wood  as  durable  as  any  other  American  wood.  Uses : 
posts,  poles,  tanks,  porch-columns,  out-of-doors  furniture  and  fix- 
tures, interior  finish,  indoor  furniture,  clothes-chests,  wardrobes, 
etc.     It  is  the  best  wood  for  lead-pencils. 

4.  Western  Juniper  (Juniperus  occidentalis).  The  range  of  this 
tree  is  Idaho,  eastern  Oregon,  through  the  Cascades  and  the  Sierras 
to  southern  California.  Dimensions  of  tree :  height,  25  to  45  feet ; 
diameter,  2  to  4  feet.  Character  and  qualities :  one  of  the  heaviest 
of  the  cedars ;  soft ;  grain,  fine  and  even ;  compact,  brittle  and  easily 
split;  color,  brown,  tinged  with  red;  slight  aromatic  odor;  easily 
worked;  durable.  Uses:  posts,  fence-material  and  railroad-ties. 
It  is  as  yet  little  cut  for  lumber  as  the  trunks  are  comparatively  short 
for  saw-logs. 

5.  Incense  Cedar  (Libocedrus  decurrens).  Although  the  tree's 
range  is  in  certain  regions  of  California,  Oregon  and  Nevada,  prac- 
tically all  the  lumber  that  finds  its  way  into  local  or  general  markets 
is  cut  in  California.  Dimensions:  height  of  tree,  from  75  to  125 
feet ;  diameter  from  3  to  6  feet.  Character  and  qualities :  very  light 
in  weight,  soft,  not  strong,  brittle;  fine-grained,  straight  and  even; 
compact ;  summer-wood  dark  colored,  sap-wood  nearly  white ;  easily 
worked ;  very  durable  in  contact  with  the  soil,  comparing  favorably  in 
this  respect  with  redwood.  Uses :  posts,  laths,  shingles,  inside  finish 
and  furniture. 

6.  Port  Orford  Cedar  (Chamwcyparis  lawsoniana).  This  tree 
is  found  in  south-western  Oregon  and  north-western  California,  the 
bulk  of  commercial  timber  being  grouped  chiefly  in  Oregon.  Dimen- 
sions: height  of  tree,  from  135  to  175  feet;  diameter,  from  3  to  7 
feet.  Character  and  qualities:  light  in  weight,  moderately  strong; 
grain  fine  and  even,  compact ;  abounding  in  odoriferous  resin ;  satiny, 
susceptible  of  a  beautiful  polish ;  color,  light  yellow  or  almost  white, 
occasionally  reddish ;  very  easily  worked  and  durable.  Uses :  lum- 
ber for  general  construction  purposes,  porch-finish,  flooring,  inside 
finish,  furniture,  clothes-chests,  wardrobes,  drawers,  cabinets,  etc. 
The  odor  of  this  cedar  is  offensive  to  most  insects  that  attack  furs, 
woolens,  etc. 

7.  Yellow  Cedar  (Chamcecyparis  nootkatensis).  The  geogra- 
phic range  of  the  yellow  cedar  is  nearly  1,000  miles  along  the  Pacific 
Coast  and  the  adjacent  islands,  from  Oregon  to  south-eastern 
Alaska.  "It  is  said  to  be  the  most  valuable  wood  in  Alaska  and  as  a 
cabinet-wood  its  beauty  has  been  declared  by  some  equal  to  that 
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of  any  other  tree  in  North  America.  Its  rare  color  and  the  fine 
polish  which  it  takes  constitute  two  of  its  chief  values;  but  it  has 
others,  one  of  which  is  its  power  to  resist  decay  in  the  most  un- 
favorable situations."  *  Dimensions :  height  of  tree,  from  90  to  120 
feet;  diameter,  from  3  to  6  feet.  Character  and  qualities:  rather 
light  in  weight,  hard,  fairly  strong,  brittle;  grain  fine,  even  and 
straight,  compact;  easily  worked,  satiny,  susceptible  of  a  beautiful 
polish;  odor  agreeable,  resinous;  color  bright,  light,  clear  yellow; 
durable  in  contact  with  soil.  Uses :  interior  finish,  flooring,  cabinets, 
shelving,  moldings,  furniture.  "It  has  been  exported  in  considerable 
quantities  to  China,  where  it  has  been  used  as  a  substitute  for 
satinwood."  * 

8.  Western  Red  Cedar  (Thuja  plicata).  This  wood  has  been 
called  "canoe  cedar*'  from  the  fact  that  it  was  used  for  so  many 
years  by  Indians  and  white  men  for  canoes  and  dugouts.  The  tree 
grows  in  a  region  which  embraces  portions  of  northern  California, 
Oregon,  Washington,  Idaho,  British  Columbia  and  Alaska.  Wash- 
ington IS  the  center  of  the  supply.  Dimensions :  height  of  tree,  from 
100  to  150  (exceptionally  200)  feet;  .diameter,  from  3  to  8 
(extreme  16)  feet.  Character  and  qualities:  light  in  weight,  not 
strong,  brittle ;  grain  coarse,  even  and  straight,  compact ;  color  dull 
brown,  tinged  with  red,  the  thin  sap-wood  being  nearly  white ;  easily 
worked;  durable  in  positions  exposed  to  decay.  Uses:  shingles, 
western  red  cedar  being  the  greatest  shingle-wood  in  the  United 
States ;  poles,  large-size  poles  being  shipped  to  nearly  all  parts  of  the 
United  States  under  the  name  of  "Idaho  cedar" ;  outside  finish,  bevel- 
edge  siding ;  frames,  sashes,  doors ;  inside  finish,  cabinet-work ;  car- 
siding  and  roofing;  finish  for  boats,  such  as  roofs,  railings,  linings 
and  trim. 

48.  VIII.  CYPRESS  (Cupressus,  Chamcrcyparis,  Taxodium), 
It  is  to  these  three  genera  that  the  name  "cypress"  has  been  chiefly 
applied.  As  classified  in  the  article  on  cedar  most  species  of  the 
genus  Chaniwcyparis  are  now  called,  commercially,  "cedars."  The 
Cupressus  is  the  true  cypress,  and  while  important  in  the  East  in 
ancient  times  and  in  Europe  to-day,  has  little  or  no  significance  in 
America.  The  genus  Taxodium,  represented  by  the  single  species  is 
not  a  cypress,  but  supplies  the  "cypress"  lumber  of  United  States 
commerce. 

American  or  Bald  Cypress  (Taxodium  distichum).  The  name 
"bald  cypress"  was  given  because  of  the  leafless  appearance  of  the 
trees  in  winter,  this  species  being  deciduous.  The  chief  European 
species  is  an  "evergreen."    This  tree  is  found  in  commercial  quan- 

*"Uses  of  the  Commercial  Woods  of  the  United  States:  I.  Cedars,  Cypresses  and 
Sequoias."     U.  S.  Department  of  Agriculture,   Forest  Service,  Bulletin  No.  95,    191 1. 
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titles  in  the  South  Atlantic  and  Gulf  States  and  in  Tennessee,  Ken- 
tucky, Missouri,  and  a  few  other  States.  For  a  long  time  Louisiana 
has  supplied  about  two-thirds  of  the  total  output  of  cypress  lumber. 
It  grows  on  submerged  ground,  in  deep  swamps  and  on  undulating 
land.  It  has  been  called  by  many  names,  such  as  "white  cypress," 
"black  cypress,"  "red  cypress,"  "swamp  cypress,"  "deciduous  cy- 
press," "southern  cypress,"  etc. 

Dimensions :  Height  of  tree,  from  75  to  140  feet ;  diameter,  from 
3  to  6  and  (in  exceptional  cases)  10  feet  Character  and  qualities: 
light  in  weight,  not  strong;  grain  rather  fine,  straight;  summer-wood 
very  slightly  resinous;  color  light  to  dark  brown,  sap-wood  nearly 
white ;  easily  worked ;  very  durable  in  contact  with  soil. 

Uses:  for  almost  every  kind  of  exterior  and  interior  finish, 
such  as  siding,  shingles,  piazza-columns,  flooring,  steps,  balustrades, 
cornices,  gutters,  outside  blinds,  door-frames,  window-frames, 
sashes  and  blinds ;  ceiling,  wainscoting,  inside  shutters,  mantels,  grills 
and  to  some  exent  for  interior  flooring ;  containing  little  resin,  it  af- 
fords a  good  surface  for  paint,  which  it  holds  well ;  it  is  an  excellent 
wood  for  kitchens  and  other  rooms  subject  to  dampness,  as  it 
shrinks,  swells  and  warps  but  little ;  it  is  much  used  for  drain-boards, 
sinks,  kitchen  and  pantry-tables  and  cupboards ;  all  kinds  of  cooper- 
age; farm-lumber,  such  as  silos,  troughs,  flumes,  stable-floors  and 
fences;  telegraph  and  telephone-poles;  greenhouse  and  hothouse- 
construction  as  it  resists  dampness  and  excessive  heat;  numerous 
miscellaneous  uses. 

A  peculiar  fungus-disease  attacks  the  living  trees  causing  cavities 
in  the  wood  resembling  perforations  made  by  pegs,  and  giving  the 
names  "peggy,"  "pecky"  and  "blotty"  to  the  cypress  lumber.  This 
lumber  is  not  as  strong  as  the  unaffected  wood  but  seems  to  be  just 
as  durable. 

49.  IX.  ^S^iy^OOD  (Sequoia),  The  redwood-belt  extends  in 
a  strip,  500  miles  long  and  from  10  to  30  miles  wide,  from  southern 
Oregon  to  central  California.  The  commercial  range  covers  about 
3,000  square  miles,  the  dense  logging-woods,  however,  covering  a 
much  smaller  area.  The  heaviest  stand  is  near  the  center  of  the 
redwood  region,  in  Humboldt  County,  Cal.  Redwood  lumber  is  pro- 
duced only  in  California  and  is  the  only  important  kind  of  lumber 
limited  to  one  state.  But  two  species  of  sequoias  grow  in  the  United 
States. 

I.  Common  Redwood  (Sequoia  sempervirens).  This  tree  grows 
in  the  belt  mentioned  above.  Mature  trees  attain  an  age  of  from 
500  to  800  years,  1373  years  being  estimated  as  the  greatest  age. 
Dimensions:  height,  from  180  to  280  (occasionally  over  300)  feet; 
diameter,  from  6  to  10  (sometimes  15)  feet.    Character  and  quali- 
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ties :  light  in  weight,  soft,  moderately  strong,  brittle ;  grain  fine,  even, 
straight,  sometimes  curly;  color,  light  to  dark  red  with  sap-wood 
nearly  white ;  splits  and  works  easily  and  polishes  well ;  very  durable 
in  contact  with  the  soil ;  kindles  and  burns  more  slowly  than  almost 
any  other  wood. 

Uses:  redwood  lumber  enters  into  practically  every  part  of  the 
house  and  it  is  used  largely  for  siding,  shingles,  porch-columns,  cor- 
nices, sills,  rafters,  joists  and  studding.  It  is  considered  by  many 
too  soft  to  be  used  for  flooring.  For  interior  finish  it  meets  almost 
every  requirement,  such  as  ceilings,  wainscoting,  paneling,  moldings, 
stair-work,  mantels,  etc.  It  is  often  finished  to  show  the  beautiful 
grain,  texture  and  color.  Redwood  doors  are  light  and  strong, 
holding  their  shape  well,  without  swelling  or  shrinking.  It  has  been 
largely  used,  also,  for  railroad-ties,  cars,  tanks,  flumes,  furniture, 
etc.     There  are  exquisite  redwood  veneers  and  burls. 

2.  Giofit  Redwood  or  "Big  Tree"  (Sequoia  washingtoniana). 
The  stand  of  the  "big  tree"  is  restricted  to  a  few  isolated  groves  on 
the  western  face  of  the  Sierra  Nevadas  in  California  lying  at  alti- 
tudes of  from  5,000  to  8,ooo  feet.  It  is  the  largest  tree  in  America, 
mature  trees  attaining  a  height  of  from  200  to  350  feet  and  diame- 
ters of  more  than  25  feet.  Character  and  qualities :  very  light,  soft, 
weak,  brittle ;  grain  coarse,  even  and  straight ;  color  bright,  clear  red, 
turning  much  darker  with  exposure;  very  easily  split  and  worked; 
remarkably  durable  in  contact  with  the  soil. 

Uses :  the  big  tree  is  of  sentimental  rather  than  of  commercial  im- 
portance. Some  of  the  finest  specimens  are  the  property  of  the 
United  States  Government  and  are  carefully  protected.  Trees  have 
been  found  which  have  stood  for  3,000  and  even  4,000  years  and  the 
bark  sometimes  attains  a  thickness  of  two  feet.  The  wood  has 
been  used  for  inside  finish,  framing,  siding  and  shingles;  but  as  it 
is  weak  it  is  not  suitable  for  heavy  work  even  though  the  great  size  of 
the  tree  might  seem  to  recommend  it. 

50.  B.  THE  BROAD-LEAVED  WOODS.  The  broad-leaved 
trees  are  found  in  nearly  every  country  of  the  globe  and  they  fur- 
nished the  woods  used  in  construction  and  for  other  purposes  until 
the  advent  of  the  American  softwoods.  As  a  rule  the  trees  do  not 
aflford  large  pieces  and  the  total  output  is  less  than  that  of  the  needle- 
leaved  woods.  Most  of  the  trees  are  deciduous,  that  is,  shedding 
their  leaves  every  season,  although  some  are  "persistent"  or  "ever- 
green." The  terms  "broad-leaved,"  "deciduous"  and  "hardwood" 
are  used  interchangeably.  These  woods  are  used  for  house-finishing, 
cooperage,  vehicle-manufacture,  agricultural  implements,  musical  in- 
struments, car-building,  railroad-ties,  poles  and  posts. 

The  hardwood-supply  of  the  United  States  is  rapidly  waning,  ad- 
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vancing  prices  are  reflecting  the  dwindling  output  and  there  is  a  re- 
laxation of  the  rules  by  which  hardwood  lumber  is  graded  and  sold. 
51.  I.  ASH  (Fraxinus).  This  is  one  of  the  most  widely  dis- 
tributed of  all  woods  and  is  commercially  reported  from  thirty-nine 
States.  The  woods  of  ash  and  oak  trees  are  similar  in  general 
appearance  but  ash  is  coarser,  less  attractive,  easier  to  work,  tough, 
elastic  and  somewhat  lighter  in  weight  than  oak.  When  exposed  to 
the  weather  ash  is  not  durable ;  but  it  seasons  well.  The  woods  are 
commercially  separated  into  white  ash  and  brown  (or  black)  ash. 
The  following  six  species  are  the  commercially  important  ones  grow- 
ing in  the  United  States : 

1.  White  Ash  (Fraxinus  americana).  Found  growing  from 
Nova  Scotia  to  Florida  and  westward  to  Minnesota  and  Texas. 
Height  of  tree,  45  to  90  feet  and  diameter,  from  3  to  4  feet.  Color, 
light.  Grain,  coarse.  Structure,  compact.  Heavy,  hard,  strong, 
elastic,  brittle  with  age  and  only  fairly  durable  in  contact  with  the 
soil.  Used  for  interior  and  cheap  cabinet-work,  furniture,  agricul- 
tural implements,  cars,  carriages,  tools,  oars,  etc.  Worked  more 
easily  than  oak  and  when  thoroughly  kiln-dried  can  be  used  for  solid 
doors.  The  finished  wood  resembles  bastard-sawed  oak,  except  that 
the  grain  is  much  coarser  and  the  wood  more  porous.  It  shrinks 
moderately,  seasons  with  little  injury,  stands  well  and  takes  a  good 
polish. 

2.  Black  Ash  (Fraxinus  nigra).  This  is  commercially  known, 
also,  as  "brown  ash."  Northern  and  northern-eastern  States  to  Vir- 
ginia and  westward  to  Manitoba  and  Arkansas.  Height  of  tree, 
from  70  to  80  feet  and  diameter  from  i  foot  to  ij4  feet.  Color, 
brown.  Grain,  coarse.  Structure,  compact.  Wood  rather  soft  and 
heavy,  tough,  elastic,  not  strong  nor  durable  when  exposed.  Used 
for  interior  finish,  cabinet-work  and  fencing.  The  excrescences  on 
these  trees,  known  as  "burls,"  have  a  distorted  grain  which  makes 
them  valuable  for  veneers. 

3.  Red  Ash  (Fraxinus  pennsylvanica) .  Found  from  New 
Brunswick  to  Florida  and  westward  to  Dakota  and  Alabama.  The 
term  "pennsylvanica"  refers  to  the  locality  in  which  it  is  well  de- 
veloped. Height  of  tree,  not  over  45  feet,  and  diameter  not  over  V/i 
feet.  Color,  brown;  structure,  coarse-grained  and  compact;  heavy, 
hard,  strong  and  brittle.  Used  in  agricultural  implements,  handles, 
boats,  oars,  etc.  Often  confused  with  and  substituted  for  the  more 
valuable  white  ash. 

4.  Blue  Ash  (Fraxinus  quadrangulata) ,  Found  in  the  central 
States,  Mississippi  Valley,  Michigan  and  southward.  Height  of 
tree,  from  50  to  75  feet ;  diameter  from  i  foot  to  2  feet.  The  inner 
bark  colors  water  blue.     Color,  light  yellow  or  brown ;  grain,  close ; 
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structure,  compact  and  satiny ;  hard,  heavy,  brittle,  not  strong.  The 
most  durable  of  the  ash  woods.  Used  for  flooring,  carriage-build- 
ing, tool-handles,  etc. 

5.  Green  Ash  (Fraxinus  lanceolata).  Found  east  of  the  Rocky 
Mountains,  in  Vermont  and  northern  Florida  and  intermittently  to 
Utah  and  Arizona.  Height  of  tree,  from  40  to  50  feet  and  diameter 
from  I  foot  to  2  feet.  Color,  brownish;  gram,  coarse;  structure, 
compact ;  hard,  heavy,  strong,  brittle.  The  southern  green-ash  wood 
is  usually  classed  as  white  ash  and  its  representative  uses  are  similar 
to  those  of  the  latter. 

6.  Oregon  Ash  (Fraxinus  oregona).  Found  on  the  Pacific 
Coast,  from  Washington  to  California.  Height  of  tree,  from  50  to 
75  feet  and  diameter,  from  i  foot  to  ij/^  feet.  Color,  light  brown; 
grain,  coarse;  structure,  compact;  rather  light  in  weight,  hard,  not 
strong.     Used  for  furniture,  carriage-frames,  and  cooperage. 

52.  n.  BASSWOOD  {Tilia),  This  name  is  applied  also  to 
the  trees  known  as  "limes,"  **lime-trees,"  "linds,''  "lindens,''  "tiels," 
"tiel-trees"  and  "bass-trees."  The  wood  is  esteemed  for  its  working- 
qualities,  which,  although  inferior  to  those  of  whitewood,  still  re- 
semble them.  The  name  "basswood"  is  commercially  interchange- 
able with  "whitewood"  or  "tulip-tree  wood,"  "poplar"  or  "cotton- 
wood"  and  "cucumber-tree  wood,"  as  they  are  all  noted  for  the  soft, 
fine  qualities  which  make  them  suitable  for  carvings,  wooden-ware, 
etc.  They  are  unrelated,  however,  botanically.  The  trees  grow 
from  New  Brunswick  to  Georgia  and  westward  to  Nebraska  and 
Texas.  Their  height  varies  from  60  to  90  feet  and  their  diameter 
from  2  to  4  feet.  Color,  light  or  reddish  brown;  structure,  very 
straight,  close-grained  and  compact;  light  in  weight,  soft,  easily 
worked,  tough,  not  strong  nor  durable.  Used  for  carvings,  drawer- 
sides  and  backs,  bodies  of  carriages,  etc. 

53.  HI.  BEECH  (Fagus),  The  only  American  representa- 
tive of  this  tree  is  the  common  beech  (Fagus  atropunicea).  It  grows 
from  Nova  Scotia  to  Florida  and  westward  intermittently  to  Wis- 
consin and  Texas.  Height  of  tree,  from  60  to  80  feet  and  diameter 
from  2  to  4  feet.  Color,  white  to  light  brown  or  reddish;  hard, 
heavy,  strong;  not  durable  when  exposed,  tough;  subject  to  at- 
tack by  insects;  liable  to  check  during  seasoning.  It  takes  a  fine 
polish  and  is  used  for  furniture,  flooring,  inside  finish  (to  a  lim- 
ited extent),  shoe-lasts,  plane-stocks,  ship-building,  wagon-mak- 
ing. 

The  name  "ironwood"  has  been  given  to  the  Blue  Beech  (Car- 
pinus  caroliniana)  y  z.  small  tree  growing  from  Quebec  to  Florida 
and  westward  to  Nebraska  and  Texas;  to  the  Hornbeam  (Ostrya 
Tnrginiana),  a  small  tree  also,  growing  from  Nova  Scotia  to  Florida 
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and  westward  to  Dakota  and  Texas;  and  to  several  other  North 
American  species  producing  unusually  heavy  and  hard  woods,  used 
for  tool-handles  and  various  implements.  These  woods,  however, 
are  not  used  in  building-construction  on  account  of  their  great 
weight. 

54.  IV.  BIRCH  (Betula).  This  is  one  of  the  northern  hard- 
woods which  has  come  to  figure  extensively  in  lumbering-opera- 
tions within  the  last  few  years  in  regions  where  the  white-pine  sup- 
ply has  been  exhausted.  It  is  beginning  to  rank  as  one  of  the  more 
valuable  woods.  Wisconsin  maintains  a  steady  lead  in  the  output. 
The  commercial  names  do  not  follow  the  botanical  classifications. 
Several  species  are  cut,  but  the  greater  portion  of  the  output  is 
furnished  by  what  are  known  in  the  market  as  the  "black  birch," 
"sweet  birch,"  "yellow  birch,"  and  "white"  birches.  Western  birch, 
cut  in  Washington,  was  reported  for  the  first  time  in  1910. 

The  birches  are  medium-sized  trees,  form  extensive  forests  north- 
ward and  occur  scattered  in  all  broad-leaved  forests  of  the  eastern 
United  States. 

The  wood  is  heavy,  hard,  strong  and  of  fine  texture ;  the  sap-wood 
is  whitish  in  color ;  the  heart- wood  appears  in  shades  of  brown,  red 
and  yellow.  It  is  very  handsome  when  finished,  takes  a  good 
polish,  has  a  satiny  lustre,  shrinks  considerably  in  drying  but  works 
and  stands  well.  It  is  used  for  inside  finish  and  is  one  of  our 
handsomest  hardwoods.  The  figured  North  Carolina  birch  ranks 
among  our  most  expensive  native  woods.  The  banquet-hall  of  the 
Auditorium  Hotel  in  Chicago  was  finished  in  birch.  The  wood  is 
often  used  to  imitate  cherry  and  mahogany,  the  grain  of  all  these 
woods  being  much  the  same. 

The  following  are  the  principal  species  of  birch  occurring  in  the 
United  States: 

1.  White  Birch  (Betula  populifolia),  growing  along  the  Atlantic 
Coast  from  Canada  to  Delaware.     This  is  a  soft,  weak  wood. 

2.  Paper  Birch  (Betula  papyrifera).  This  is  called,  also,  locally, 
"white  birch,"  "canoe  birch"  and,  in  Quebec,  "boleau."  It  grows 
in  the  northern  United  States  and  in  Canada  and  Alaska.  The 
wood  is  hard  and  strong. 

3.  Red  Birch  (Betula  nigra).  This  is  called,  also,  locally, 
"black  birch,"  "river. birch,"  "water  birch"  and  "blue  birch."  It 
grows  from  Massachusetts  to  Florida  and  westward  intermittently 
to  Minnesota  and  Texas.    The  wood  is  rather  hard  and  strong. 

4.  Yellow  Birch  (Betula  lutea).  This  is  called,  also,  locally, 
"gray  birch,"  "swamp  birch,"  "silver  birch,"  and  in  Quebec,  "meri- 
sier"  and  "merisier  rouge."  It  grows  from  Newfoundland  to 
North  Carolina,  and  westward  to  Minnesota  and  Texas.     The  wood 
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is  heavy,  very  strong,  hard,  tough,  susceptible  of  a  high  polish  and 
suggests  the  qualities  characteristic  of  maple. 

5.  Sweet  Birch  (Betula  lenta).  This  is  called,  also,  locally, 
black  birch,"  "mahogany  birch,"  "cherry  birch,"  "river  birch"  and 
mountain  mahogany."  It  grows  from  Newfoundland  intermit- 
tently to  Illinois  and  southward  along  the  Alleghanies  to  Kentucky, 
Tennessee  and  Florida.  The  wood  is  heavy,  very  strong,  hard, 
close-grained  and  compact;  is  easily  stained;  and  takes  a  high 
satin-like  polish.  The  wood  is  often  stained  to  resemble  cherry 
and  mahogany. 

6.  Western  Birch  (Betula  occidentalis).  This  is  called,  also, 
locally,  "Washington  birch."  It  grows  in  British  Columbia  and  in 
northwestern  Washington,  reaching  its  highest  development  along 
the  lower  banks  of  the  Fraser  river  in  British  Columbia.  It  is  one 
of  the  largest  of  the  birch  trees,  and,  with  the  exception  of  the  Cot- 
tonwood, is  the  largest  of  the  deciduous  trees  of  north-western 
North  America.  Its  characteristics  are  similar  to  those  of  the 
paper  birch. 

55.  V.  CHERRY  (Prunus).  The  lumber- furnishing  cherry 
tree  of  this  country,  the  wild  black  cherry  (Prunus  scrotina)^  is 
a  small  to  medium-sized  tree,  scattered  through  many  of  the  broad- 
leaved  woods  of  the  western  slopes  of  the  Alleghanies,  but  is  found, 
also,  from  Michigan  to  Florida  and  west  to  Texas. 

Cherry  has  become  a  rare  wood  and  during  the  past  few  years 
it  has  been,  next  to  walnut,  the  highest-priced  lumber  produced  in 
the  United  States.  West  Virginia  and  Pennsylvania  have  led  in  its 
production. 

The  wood  is  fairly  light  in  weight,  hard,  strong  and  of  fine 
texture;  the  sap-wood  is  yellowish-white  and  the  heart-wood,  red- 
dish to  brown.  It  shrinks  considerably,  but  works  and  stands  well, 
takes  a  good  polish  and  is  much  esteemed  for  its  beauty.  It  is  used 
principally  for  fine  interior  finish,  cabinet-work  and  furniture,  and 
is  often  stained  to  imitate  mahogany.  It  cannot  be  obtained  in 
wide  boards,  and,  the  grain  being  fine,  it  is  most  suitable  for  work 
that  is  much  cut  up  or  molded. 

56.  VI.  CHESTNUT  (Castanea).  Three  of  the  four  known 
species  of  the  genus  Castanea  grow  in  North  America:  i,  the  Corn- 
won  Chestnut  (Castanea  vulgaris  or  dentata);  2,  the  Chinquapin 
(Castanea  pumila)  ;  and,  3,  a  plant.  The  4,  Chinquapin  (Castanopis 
chrysophylla)  is  a  tree  with  characteristics  between  those  of  the  oak 
and  the  chestnut  and  is  the  only  North  American  representative  of 
a  genus  including  twenty-five  species.  (For  Horse  Chestnut,  see 
Art.  65.) 

The  chestnut  is  among  the  largest  of  our  hardwood  trees,  and 
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in  the  region  of  its  best  development  has  been  known  to  reach  a 
height  of  120  feet  and  a  diameter  of  great  size.  Throughout  the 
greatest  part  of  its  range, .  however,  it  is  much  smaller,  with  an 
average  height  of  from  80  to  loo  feet  and  a  diameter  of  from  2 
to  4  feet.  It  is  distributed  throughout  the  eastern  part  of  the 
United  States  and  ranges  from  southern  Maine  southward  through 
New  England.  It  is  common  in  Rhode  Island  and  Connecticut  and 
as  far  south  as  Delaware  and  is  found,  also,  in  the  Province  of  On- 
tario and  in  the  Eastern  States,  especially  New  Jersey,  Pennsylvania, 
and  parts  of  Maryland.  Further  south  it  is  found  along  the  Ap- 
palachians to  Alabama.  In  the  Middle  West  it  is  confined  to  Mich- 
igan, Indiana  and  Illinois. 

"Chestnut  timber  is  in  great  demand.  The  wood  is  light,  mod- 
erately strong,  coarse-grained,  and  elastic.  It  works  easily  and  is 
very  durable  in  contact  with  the  soil.  In  seasoning,  the  wood  often 
checks  and  warps,  but  damage  from  tlTis  source  is  not  serious.  It 
is  used  in  cabinet-work  and  cooperage,  and  for  fence-posts,  tele- 
graph and  telephone-poles,  ties,  and  mine-timbers.  The  presence 
of  tannin  in  the  wood  increases  the  demand  for  small-sized  and  in- 
ferior material  and  large  quantities  are  used  in  the  manufacture  of 
tanning-extracts. 

"Except  in  portions  of  the  Southern  Appalachians,  very  little  of 
the  original  chestnut  remains ;  but  the  coppice  *-reproduction  is  so 
rapid  that  a  considerable  supply  of  small-sized  timber  is  still  avail- 
able. The  excellent  qualities  of  the  wood  insure  a  permanent  de- 
mand and  good  price."  t 

It  is  adapted  for  situations  in  which  lightness  and  durability  rather 
than  much  transverse  strength  are  required. 

The  future  supply,  however,  is  threatened  by  a  fatal  bark-dis- 
ease which  has  already  resulted  in  great  damage  in  New  York, 
New  Jersey,  Connecticut  and  eastern  Pennsylvania. 

57.  VII.  ELM  (Ulmus).  Though  there  are  seven  or  more 
species  of  elm  growing  in  the  United  States,  only  three  are  com- 
mercially important  as  lumber.  These  are  i,  the  White,  Soft  or 
American  Elm  (Ulmus  americana),  growing  from  Newfoundland 
to  South  Dakota  and  south  through  western  Nebraska  to  Texas ;  2, 
the  Cork  or  Rock  Elm  (Ulmus  racemosa),  growing  from  Quebec  to 
Vermont  and  westward  intermittently  to  Nebraska  and  Tennessee; 
and  3,  the  Slippery  or  Red  Elm  (Ulmus  pubescens),  growing  from 
the  valley  of  the  lower  St.  Lawrence  southward  to  Florida,  Alabama 
and  Texas  and  westward  through  southern  Canada  and  the  United 
States  as  far  as  North  Dakota  and  central  Kansas.    Wisconsin  has 

*  Buab-thicket. 

tU.  S.  Department  of  Agriculture,  Forest  Service  Circular  No.  71,  January  19,   1907. 
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led  in  the  manufacture  of  elm  lumber  for  a  number  of  years,  Mich- 
igan coming  next. 

The  size  of  the  elm  varies  from  medium  to  large  and  is  found 
scattered,  sometimes  quite  abundantly,  in  all  the  broad-leaved  for- 
ests of  this  country.  The  wood  is  heavy,  hard,  strong  and  very 
tough ;  moderately  durable  in  contact  with  the  soil ;  commonly  cross- 
grained  and  difficult  to  split  and  shape;  liable  to  warp  and  check 
considerably  in  drying,  but  standing  well  if  properly  handled;  and 
capable  of  taking  a  high  polish.  The  heart-wood  is  brown  with  in- 
termixed shades  of  gray  and  red  and  the  texture  ranges  from  coarse 
to  fine.  Elm  has  been  used  only  to  a  slight  extent  in  buildings,  but 
its  use  for  interior  finish  is  gaining.  Much  of  the  wood  has  a  beau- 
tifully figured  grain  and  is  used  in  the  manufacture  of  all  kinds 
of  furniture.  It  is  used,  also,  for  cars,  wagons,  boats,  ship-building, 
bridge-timbers,  barrel-staves,  sills  and  ties.  It  appears  to  be  suit- 
able for  staining  where  colored  effects  are  desired. 

58.  VIII.  GUM  (Liquidambar  and  Nyssa).  The  North  Amer- 
ican trees  commonly  known  as  "gums"  belong  chiefly  to  the  sptcies 
Liquidambar  styraciftua,  a  member  of  the  "witch-hazel"  famliy, 
which  includes  the  commercially  known  "red  gum"  or  "sweet  gum" ; 
and  to  the  genus  Nyssa,  a  wholly  unrelated  family  to  which  the  well- 
known  "dogwoods"  (Comus)  are  closely  connected  botanically,  and 
to  which,  also,  the  commercially  known  "black  gum"  or  "sour  gum," 
"tupelo"  or  "bay  poplar,"  "pepperage,"  "white  gum,"-  "cotton  gum," 
etc.,  belong. 

1.  Red  Gum  (Liquidambar  styraeiAua) ,  This  is  known,  also,  as 
"sweet  gum,"  and  is  one  of  the  woods  which  has  become  prominent 
in  recent  years.  It  is  widely  distributed  throughout  the  central  and 
southern  States,  but  Arkansas  has  been  the  largest  producer.  Mis- 
sissippi, Missouri  and  Tennessee  follow.  The  earlier  name  "sweet 
gum"  originated  from  the  domestic  use,  for  chewing,  made  of  the 
sweetish  gum  obtained  from  the  tree.  The  latter  name  "red  gum," 
was  given  on  account  of  the  reddish-brown  color  of  the  wood.  The 
names  "satin-walnut"  and  "star-leaved  gum"  are  sometimes  given, 
commercially,  to  this  wood. 

It  is  heavy,  rather  soft,  strong,  stiff,  not  durable  when  exposed 
and  liable  to  shrink  and  warp  badly  in  seasoning.  It  will  take  a 
high  polish.  It  is  used  principally  for  veneers,  cabinet-work, 
shingles,  clapboards,  etc.  It  has  been  used  locally  for  framing  and 
in  some  districts  of  Kentucky  it  has  been  the  common  framing-lum- 
ber. Selected  pieces  so  resemble  black  walnut  that  they  are  cut 
into  veneers  for  use  in  the  manufacture  of  furniture. 

2.  Black  Gum  or  Sour  Gum  (Nyssa  sylvatica).  The  term 
"tupelo"  is  used,  commercially,  chiefly  to  designate  the  wood  of  this 
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tree,  of  the  cotton  gum  (Nyssa  aquatica)  and  of  the  water  gum 
(Nyssa  biflora)  and  it  is  often  called,  locally,  "bay  poplar"  or  "pep- 
perage."  It  is  associated  with  cypress  and  is  cut  principally  by  the 
manufacturers  of  cypress  lumber*  The  tree  is  found  commercially 
from  Connecticut  southward  and  westward  to  Texas  and  southern 
Michigan.  Louisiana  leads  in  its  production. 
The  three  other  species  of  the  genus  Nyssa  are : 

3.  Water  Gum  (Nyssa  bHiora),  growing  from  Maryland  to  Flor- 
ida and  central  Alabama.  "The  bulk  of  the  lumber  coming  to  the 
market  as  Tupelo  is  of  this  species."  * 

4<  Sour  Tupelo  (Nyssa  ogeche),  growing  in  South  Carolina, 
Georgia  and  Florida. 

5.  Cotton  Gum  (Nyssa  aquatica),  known  locally,  also,  as  "large 
tupelo,"  "tupelo  gum,"  "sour  gum,"  "swamp  tupelo,"  "tupelo," 
"swamp  gum,"  "olivetree,"  etc.,  and  growing  in  the  coast-region 
from  southern  Virginia  to  northern  Florida,  through  the  Gulf  States 
to  Texas,  northward  through  Arkansas,  and  westward  and  south- 
ward along  the  Ohio  and  Mississippi  River  valleys  in  Tennessee  and 
Kentucky  and  in  southern  Missouri  and  Illinois. 

"All  the  species  of  the  Nyssa  genus  of  gums,  except  the  sour  tu- 
pelo, yield  woods  that  are  now  being  used  extensively  for  commer- 
cial purposes.  The  wood  has  remarkably  twisted  fibers,  which  ren- 
der it  very  difficult  to  split,  and  some  gums  are  much  used  for  heavy 
wheel-hubs,  rollers,  and  farm-implements.  Gum  woods  are  used, 
also,  for  a  great  many  other  purposes,  such  as  flooring,  siding,  piano- 
tops,  turned  columns,  packing-c^ses,  crates,  boxes,  baskets,  pump- 
logs  and  cross-ties.  The  wood  of  the  water  gum  and  cotton  giun  is 
suitable,  and  now  used  to  a  considerable  extent,  for  grills,  coffins, 
sounding-boards  of  musical  instruments,  slack-cooperage  stock, 
turned  table-legs,  spindles,  balusters,  and  various  other  construc- 
tional purposes.  It  is  used,  also,  for  paper-pulp,  the  fibers  of  the 
wood  being  as  long  as  those  of  basswood  and  the  color  good  enough 
for  print-paper.  The  demand  for  these  woods  will  doubtless  con- 
tinue to  increase  and  later  they  will  probably  replace,  to  a  certain 
extent,  a  great  many  other  woods  now  used  for  the  above  pur- 
poses." * 

59.  IX.  MAPLE  (Acer).  The  maples  are  found  on  all  con- 
tinents of  the  northern  hemisphere.  The  principal  European  species 
{Acer  pseudo-platanus)  is  known  as  the  "European  sycamore"  and 
the  sugar  maple  or  hard  maple  {Acer  saccharum)  is  one  of  the  prin- 
cipal deciduous  trees  of  North  America.     The  trees  are  medium- 

•  "Distinguishing  Characteristics  of  North  American  Gumwoods."     U.  S.  Department  of 
Agriculture,  Forest  Service  Bulletin  No.  103,  Oct.  28,  191 1. 


6o  BUILDING-CONSTRUCTION.  (Ch.  I) 

sized,  sometimes  forming  forests  and  frequently  constituting  a  large 
proportion  of  the  arborescent  growth.  In  the  United  States  the 
maples  used  for  lumber  include  the  sugar  or  hard  maple,  the  silver 
or  soft  maple,  the  red  or  swamp^maple  and  the  Oregon  or  broad? 
leaved  maple,  the  first  mentioned  of  the  four  constituting  much  the 
larger  part  of  the  total.  Michigan  has  for  many  years  ranked  first 
in  maple-lumber  production. 

1.  Sugar  Maple  or  Hard  Maple  (Acer  saccharum).  This  is 
called,  also,  "rock  maple."  It  is  a  large  tree,  with  an  average  height 
of  80  and  a  diameter  of  3  feet  and  ranging  from  Newfoundland  to 
Florida  and  west  to  Minnesota,  Nebraska,  Kansas  and  Texas. 

"The  wood  of  the  su^ar  maple  is  heavy,  strong,  dense  and  very 
hard,  but  not  durable  in  contact  with  the  soil.  It  will  take  a  fine 
polish  and  is  used  in  large  quantities  for  interior  finish,  floors,  mu- 
sical instruments,  furniture,  wooden-ware,  vehicles,  cooperage  and 
novelties.  The  wood  stands  well  alternate  wetting  and  drying  and 
is  therefore  one  of  the  best  for  the  manufacture  of  washing- 
machines.  'Curly  maple'  and  'bird's-eye  maple,'  obtained  from  this 
species,  are  desirable  for  finishing  and  cabinet-work.  The  wood 
makes  charcoal  of  unsurpassed  quality,  is  a  source  of  wood-alcohol 
and  has  a  very  high  fuel-value."  * 

2.  Silver  Maple  or  Soft  Maple  (Acer  saccharinum).  The  sil- 
ver maple  grows  to  a  large  size,  frequently  attaining,  in  rich  alluvial 
soils,  a  height  of  115  and  a  diameter  of  from  3  to  5  feet.  The 
tree  is  found  from  New  Brunswick  to  western  Florida.  The  west- 
ern limit  of  its  range  is  in  the  eastern  portion  of  the  Dakotas, 
Nebraska,  Kansas  and  Oklahoma: 

The  wood  is  light  and  neither  strong  nor  durable;  brittle  and 
easily  worked ;  and  will  take  a  high  polish.  It  is  used  to  a  consid- 
erable extent  for  seats  and  cushion-frames  in  cheap  buggy-work; 
for  woodenware  and  turned  work ;  and  sometimes  for  flooring  and 
furniture.    The  quality  of  the  wood,  however,  is  inferior. 

3.  Red  Maple  or  Swamp  Maple  (Acer  rubrunt).  This  is  called, 
also,  "water  maple"  and  several  other  names,  locally.  The  height 
of  the  tree  varies  from  60  to  80  feet  and  the  diameter  from  2^  to 
4  feet.     Its  range  is  about  the  same  as  that  of  the  silver  maple. 

The  wood  is  easily  worked,  heavy,  hard,  not  strong,  and  possesses 
Structural  qualities  between  those  of  the  sugar  maple  and  silver 
maple.  It  is  used  largely  in  cabinet-work,  turnery  and  wooden- 
ware. 

4.  Oregon  Maple  (Acer  macro phyllum).  This  is  known,  also, 
as  "broad-leaved  maple."    The  tree  reaches  a  height  of  from  70  to 

*  "Sugar  Maple."     U.  S.  Department  of  Agriculture,  Forest  Service,  Circular  No.  95, 
April,   1907. 
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icx)  feet  and  a  diameter  of  from  3  to  5  feet  and  ranges  along  the 
Pacific  Coast  from  Alaska  to  Oregon. 

The  wood  is  light,  hard  and  strong,  will  take  a  polish  and  is 
used  locally  for  furniture,  turned  work  and  tool-handles. 

5.  Boxelder  or  Ash4eaved  Maple  (Acer  negundo).  This  is  a 
true  maple,  very  widely  distributed  from  Canada  to  Mexico  and 
from  the  Atlantic  Ocean  to  the  Rocky  Mountains.  The  trees  reach 
a  height  of  from  40  to  70  feet  and  a  diameter  of  from  i  J4  to  3  feet. 

The  wood  is  soft,  light  and  not  strong  and  is  not  particularly 
noted,  although  used  for  woodenware,  cooperage  and,  occasionally, 
interior  finish. 

60.  X.  OAK  (Qucrcus).  Of  the  approximately  three-hundred 
species  of  oaks  known  in  the  world,  about  fifty-three,  exclusive  of 
varieties  and  hybrids,  are  found  in  the  United  States.  Not  more 
than  thirty-five  of  these  fifty-three  species  are  in  any  way  commer- 
cially useful,  and  again,  there  are  only  about  twenty-five  of  these 
which  are  valuable  as  lumber  or  likely  to  become  so.  The  thirteen 
most  important  of  these  twenty-five  oaks  are  known  commercially  as 
(i)  White  Oak,  (2)  Red  Oak,  (3)  Chestnut  Oak,  (4)  Chinquapin 
Oak,  (5)  Bur  Oak,  (6)  Spanish  Oak,  (7)  Texas  Red  Oak,  (8) 
Post  Oak,  (9)  Cow  Oak,  (10)  Overcup  Oak,  (11)  Swamp  White 
Oak,  (12)  Water  Oak  and  (13)  Tanbark  Oak.  Of  these,  again, 
the  first  six  are  the  most  used. 

The  trees  of  the  different  species  vary  greatly  in  the  form  and 
character  of  their  leaves,  fruit,  bark  and  general  appearance;  but 
there  are  no  such  marked  constant  characteristics  as  these  present  in 
the  wood  structure  itself,  by  means  of  which  these  different  species 
can  be  readily  distinguished. 

The  enormous  demand  for  standard  kinds  and  species  of  woods  in 
recent  years,  has  caused  the  substitution  of  similar  or  entirely  dif- 
ferent woods  for  many  well-known  and  long-used  ones.  Some 
substitutes  are  as  good  as  the  originals,  others  are  inferior;  and 
departures  from  the  terms  of  specifications  have  led  to  contro- 
versies and  expensive  lawsuits.  For  some  purposes,  for  example, 
the  woods  of  the  cow  oak,  overcup  oak,  post  oak,  bur  oak  or  swamp 
oak  are  as  good  as  those  of  the  white  oak ;  but  the  substitution  of 
the  somewhat  similar  black  oak  or  red  oak  for  true  white  oak  is 
less  easily  defended,  because  these  substitutes  are  very  different  in 
quality  from  any  of  the  white-oak  woods. 

The  oaks  are  found  on  all  of  the  continents  of  the  northern  hemi- 
sphere and  at  some  high  altitudes  just  south  of  the  equator.  No 
other  wood  has  so  many  different  uses  and  for  this  reason  it  is  in 
greater  demand  than  any  other  hardwood.  Its  production  is  more 
evenly  distributed  than  that  of  any  other  species  with  the  possible 
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exception  of  ash.  An  idea  of  the  wide  distribution  of  the  commer- 
cial types  of  oak  may  be  gained  from  the  fact  that  thirty-seven 
states  reported  the  manufacture  of  oak  lumber  in  1910.  The  re- 
ported production  consists  chiefly  of  white  oak  and  red  oak  or 
species  accepted  by  the  trade  under  these  names.  The  center  of 
production  shifted  from  southern  Indiana  in  1899,  to  eastern  Ken- 
tucky in  19 10. 

The  oaks  vary  from  medium  to  large-sized  trees,  forming  the 
predominant  part  of  a  large  portion  of  our  broad-leaved  forests. 

They  may  be  divided  commercially  into  three  general  groups, 
(i)  White  Oaks,  (2)  Red  Oaks  and  (3)  Live  Oaks.  This  division 
is  a  botanical  one,  also,  based  not  only  upon  differences  in  anatomical 
structure  in  the  wood  itself,  but  also  upon  the  time  required  by 
fruit  to  reach  maturity  and  upon  the  "persistence  of  foliage,"  that 
is,  its  evergreen  or  deciduous  character.  The  (i)  White  Oaks 
include  such  species  as  white  oak,  chestnut  oak,  bur  oak,  post  oak, 
cow  oak,  etc.;  the  (2)  Red  Oaks  include  the  red  oak,  Spanish 
oak,  pin  oak,  black  oak  or  yellow  oak;  and  the  (3)  Live  Oaks 
include  the  Southern  live  oak,  California  live  oak,  canon  live  oak. 

Of  the  white  oaks  and  red  oaks  the  former  is  the  stronger, 
tougher,  less  porous  and  more  durable.  The  red  oaks  are  usually 
of  coarser  texture,  more  porous,  often  brittle,  less  durable  and  even 
more  troublesome  in  seasoning  than  the  white  oaks.  The  live 
oaks,  now  become  scarce  but  once  largely  employed  in  ship-build- 
ing, possess  all  the  good  qualities  and  characteristics,  except  size, 
of  the  white  oaks,  and  in  some  even  surpass  the  latter.  In  structure 
they  resemble  the  red  oaks,  but  are  much  less  porous  and  have 
always  been  regarded  as  among  the  heaviest,  hardest  and  most 
durable  building  timbers  of  the  United  States. 

I.  White  Oak  (Quercus  alba).  This  tree,  of  great  economic 
importance  and  the  most  widely  employed  of  all  American  oaks,  is 
common  in  the  eastern  United  States  and  attains  its  best  develop- 
ment on  the  western  slopes  of  the  Alleghany  Mountains  and  in  the 
central-Mississippi  and  lower-Ohio  basins.  It  varies  in  height  from 
60  to  100  feet  and  in  maximum  diameter  from  2  to  4  feet.  The 
wood  is  tough,  close-grained,  strong,  hard  and  heavy.  It  is  dur- 
able in  contact  with  the  soil,  but  if  not  properly  seasoned  is  liable  to 
check  in  the  open  air.  A  cubic  foot  of  seasoned  wood  averages  46 
pounds  in  weight.  Sawed  lumber,  ties  and  cooperage  are  three  of 
the  chief  uses  for  this  wood,  the  first-mentioned  forming  the  largest 
market. 

In  recent  years  one  of  the  most  important  features  in  the  manu- 
facture of  white-oak  lumber  has  been  the  marked  increase  in  quar- 
ter-sawing.   This  is  a  method  of  milling  in  which  the  boards  are 
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cut  nearly  parallel  with  the  pith-rays,  exposing  a  beautiful  silver 
grain.     (See  Art.  19.) 

"Quarter-sawed  lumber  from  tfie  Appalachian  region  is  shipped  mainly 
to  northern  and  southeastern  furniture-cabinet  factories,  where  much  of  it 
is  used  as  a  substitute  for  black  walnut,  cherry  and  mahogany.  Some  of  it 
is  manufactured  into  panels,  ceiling,  moldings  and  other  high-grade  interior 
finish.  Plain-sawed  oak  is  shipped  to  planing  and  finishing-mills  for  manu- 
facture into  flooring,  ceiling,  and  other  interior  woodwork.  A  great  deal  is 
used  also  in  the  manufacture  of  the  cheaper  grades  of  furniture  and  for 
carriages,  wagons,  farm-tools  and  agricultural  machinery.  Considerable 
white-oak  lumber  of  the  best  grades  is  used  locally  in  Tennessee  for  tongues, 
reaches,  bolsters,  wheel-felloes  and  framing.  It  is  the  best  all-around  wood 
for  this  purpose,  equaling  ash,  red  oak  and  chestnut  oak  in  strength  and 
toughness,  and  excelling  them  all  in  durability.  The  poorer  grades  of 
white-oak  lumber  are  used  locally  for  flooring  and  ceiling,  or  for  fencing, 
storm-sheeting,  outside  finish,  heavy  packing-cases  for  pianos  and  the  like. 

"Large  quantities  of  high-grade  white-oak  dimension-stuff  and  boards, 
both  plain  and  quarter-sawed,  are  used  each  year  in  the  manufacture  of 
railroad-coaches.  There  is,  in  addition,  a  special  grade  known  as  *car-stock,' 
ait  from  inferior  timber  and  consisting  of  boards,  planking,  beams  and 
dimension-stuff  of  all  sizes,  which  is  used  extensively  in  the  manufacture  of 
freight-cars  and  box  cars.  Car-stock  is  usually  cut  from  small,  scrubby  tim- 
ber, or  from  larger  trees  which  are  'limby,'  'knotty,'  or  defective  from  pin- 
worms.  Sound  knots,  stains,  *cat-faces,'  and  wormholes,  all  of  which 
seriously  lower  the  grade  of  ordinary  lumber,  do  not  count  as  defects  in 
car-timbers. 

"Bridge-timbers  and  switch-ties  are  cut  from  the  same  kind  of  material 
and  under  the  same  specifications  with  regard  to  defects." 

"Of  the  secondary  uses  of  white  oak,  the  most  important  are  for  veneer, 
wagon-spokes,  tool-handles,  chair-stock  and  table-stock.  For  furniture-veneer 
only  the  best,  clear,  white  oak  is  used,  the  specifications  usually  requiring  logs 
28  inches  or  over  in  diameter  at  the  small  end.  These  logs  are  cut  into 
quartered-oak  veneer,  from  J4  to  1^  of  an  inch  thick,  for  use  over  cores 
of  inferior  wood.  Smaller  and  rougher  white-oak  timber  is  used  for  basket- 
veneer.  The  strongest  and  highest-priced  market-baskets  and  bushel-baskets 
are  made  entirely  from  white  oak."* 

Owing  to  the  diminishing  supply  of  white-oak  timber,  cheaper 
woods  of  other  species  have  been  substituted  for  it,  notably  red 
oak  and  chestnut  for  interior  finish  and  furniture  and  yellow  pine 
for  flooring,  interior  finish  and  ceiling. 

2.  Red  Oak  (Quercus  rubra).  Red  oak  is  one  of  the  largest 
trees  of  the  forests  of  the  Northern  States.  Mature  trees  average 
from  70  to  90  feet  in  height  and  attain  a  diameter  of  from  2  to  4 
feet. 

•  "White  Oak  in  the  Southern  Appalachians."    U.  S.  Department  of  Agriculture,  Fottst 
Service,  Circular  No.  105,  July  25,  1907- 
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Its  natural  range  is  from  Nova  Scotia  to  points  west  of  Lake 
Superior  aiid  south  to  Kansas  and  northern  Georgia.  It  is  found 
associated  with  other  varieties  of  oaks,  and,  like  white  oak,  with 
other  hardwoods.  Like  the  other  oaks,  red  oak  is  not  seriously 
affected  by  insects  or  disease. 

"The  wood  of  red  oak  is  heavy,  hard,  coarse-grained,  strong  and  moder- 
ately durable.  The  silver  grain  and  large  pith-rays  are  very  conspicuous 
when  the  logs  are  quarter-sawed.  It  is  inferior  to  white  oak  when  great 
strength  is  required,  and  in  the  ground  does  not  last  as  long  as  the  latter; 
but  it  is  more  easily  worked  and  is  often  preferred  for  interior  finish  and 
cabinet-work.  Good  red  oak  is  often  sold  as  white  oak,  and  for  most  pur- 
poses the  two  need  not  be  disting^uished.  Ordinarily  it  is  distinctly  better 
than  other  species  of  the  red-oak  group/'* 

3.  Chestnut  Oak  (Quercus  prinus),  Maine  to  Georgia  and 
westward  intermittently  to  Kentucky  and  Alabama.  Heart-wood, 
yellowish  or  reddish  brown  and  sharply  defined  from  the  lighter 
and  slightly  reddish,  narrow  sap-wood.  Wood,  hard,  heavy,  strong, 
tough,  moderately  close-grained  and  durable  in  contact  with  the  soil. 
Sometimes  mistaken  for  white  oak  (Quercus  alba)  but  distinguished 
from  the  latter  by  its  more  prominent  pith-rays  and  the  lack  of  a 
faint,  reddish  tinge  present  in  the  wood  of  white  oak.  Used  largely 
for  railroad-ties. 

4.  Chinquapin  Oak  (Quercus  acuminata).  Eastern  New  York, 
westward  to  Kansas  and  southward  to  Mississippi  and  into  Texas. 
Heart-wood,  light  brown  or  slightly  tinged  with  red;  sap-wood 
thin  and  lighter-colored.  Wood,  hard,  heavy,  strong  and  close- 
grained.  Durability  and  rate  of  growth  similar  to  that  of  chestnut 
oak  (Quercus  prinus).  Used  largely  for  fencing,  railroad-ties, 
cooperage  and  wheels. 

5.  Bur  Oak  (Quercus  macrocarpa) .  Maine  to  Manitoba,  south- 
west to  Texas  and  westward  intermittently  to  Montana.  Its  lum- 
ber never  distinguished  on  the  market  from  white  oak.  The  most 
valuable  timber  of  the  American  oaks.  Attains  its  largest  size  and 
greatest  value  in  southern  Indiana.  Heart-wood,  dark,  rich  brown 
in  color;  sap-wood  thin  and  much  lighter  in  color.  Wood,  hard, 
heavy,  very  strong  and  tough,  close-grained  and  not  liable  to  warp 
or  check.    Uses  similar  to  those  of  white  oak. 

6.  Spanish  Oak  (Quercus  digitata).  New  Jersey  and  Florida 
and  westward  intermittently  to  Illinois  and  Texas.  The  wood 
occasionally  confused  with  that  of  the  red  oak  (Quercus  rubra). 
Heart-wood  reddish;  sap-wood  thick  and  lighter  colored,  with  a 

*  Forest-Planting  Leaflet.  "Red  Oak."  U.  S.  Department  of  Agriculture,  Forest  Ser- 
V*ce,  Circular  No.   58,  January   19,    1907. 
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slightly  brownish  tinge;  heart-wood  similar  to  that  of  red  oak, 
except  that  it  is  tinged  a  brighter  red;  light  in  weight;  moderately 
hard  and  strong;  and  not  durable  in  contact  with  the  soil.  Little 
used  in  construction  but  largely  used  for  fuel.  Bark  rich  in  tan- 
nin. 

7'  Texas  Red  Oak  or  Texan  Oak  (Quercus  texana).  Valley  of  the  Mis- 
sissippi River  and  into  Texas.  Wood  of  this  oak  is  the  chief  substitute  for 
red  oak  (Quercus  rubra)  and  distinguished  with  difficulty  from  the  latter 
species.  The  light  yellowish  tinge  of  Texas  oak  and  its  narrow  annual 
rings  of  growth  serve  usually  £0  separate  it  from  red  oak.  Heart-wood 
reddish  brown,  closely  resembling  that  of  red  oak;  sap-wood  light  and 
sometimes  tinged  with  yellow.  Wood,  hard,  heavy,  close-grained,  moderately 
tough  and  not  durable  in  contact  with  the  soil.  Sometimes  taller  than  any 
other  American  oak.    Uses  similar  to  those  of  red  oak. 

8.  'Post  Oak  (Quercus  minor).  East  erf  the  Rocky  Mountains,  Massa- 
chusetts to  northern  Florida  and  westward  intermittently  to  Nebraska.  The 
most  widely  distributed  oak  in  the  Gulf  States  west  of  the  Mississippi  River. 
Resembles  white  oak  and  seldom  distinguished  from  it  commercially ;  but 
may  be  distinguished  from  it  structurally  by  its  more  numerous  and  con- 
spicuous pith-rays  and  smaller  pores  in  the  early  wood.  Heart- wood  light 
brown  or  sometimes  tinged  with  red.  Sap-wood  thick  and  lighter-colored. 
Wood  very  heavy,  hard,  close-grained  and  in  durability, compares  favorably 
with  white  oak.  Used  largely,  particularly  in  the  southwest,  for  construction, 
fencing,  ties,  cooperage,  etc. 

9.  Cow  Oak  (Quercus  michauxii).  South-eastern  United  States,  Dela- 
ware and  Florida  and  westward  along  the  Gulf  to  Texas.  Also  southern 
Indiana  and  Illinois  to  the  Gulf.  Wood,  more  nearly  like  white  oak  than 
that  of  any  other  species,  but  lighter-colored.  Heart- wood  light  brown  or 
slightly  tinged  with  red ;  sap-wood  thin  and  somewhat  lighter-colored.  Wood, 
heavy,  hard,  tough,  close-grained  and  durable  in  contact  with  the  soil.  In 
the  form  of  lumber,  seldom  distinguished  from  white  oak.  Used  for  build- 
ing-construction, agricultural  implements,  wheel-stock,  etc. 

10.  Overcup  Oak  (Quercus  lyrata).  In  wet  lands  from  Maryland  to 
Texas  and  in  the  Mississippi  River  valley  to  Illinois.  In  general  appearance, 
physical  characteristics  and  rate  of  growth,  similar  to  white  oak  and  some- 
times confused  with  it;  but  readily  distinguished  from  latter  by  its  larger 
and  more  numerous  pores  in  the  early  wood.  Heart-wood,  dark  brown  and 
easily  distinguished  from  the  thick,  lighter-colored  sap-wood.  Wood,  mod- 
erately hard,  rather  heavy,  strong  and  very  durable  in  contact  with  the  soil. 
Uses  are  similar  to  those  of  white  oak. 

11.  Swamp  White  Oak  (Quercus  platanoides).  Southern  Maine  westward 
to  Michigan  and  Missouri  and  southward  to  Georgia.  Superficially  re- 
sembles white  oak,  from  which  it  is  distinguished  by  its  very  light- 
brown  color,  contrasting  more  or  less  sharply  with  the  reddish-brown  color 
of  white-oak  wood.  Heart-wood  light  brown,  sometimes  slightly  tinged 
with  red;  sap-wood  rather  thin  and  somewhat  lighter-colored.  Wood,  very 
hard,  heavy,  strong  and  as  durable  in  contact  with  the  soil  as  white  oa]( 
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proper.    Used    for  building-construction,   interior  finish,  cabinet-work,   car- 
riage and  boat-building,  fencing,  railroad-ties,  etc. 

12.  Water  Oak  (Quercus  nigra).    South  from  Delaware  to  Florida  and 
into  Texas  and  into  the  Appalachian   Mountains.    Heart-wood  light  brown, 
tinged  with  yellow;  sap-wood  rather  thick  and  lighter-colored.    Wood,  hard, 
rather  close-grained  and  not  durable  in  contact  with  the  soil.    Little  used  in 
construction.  * 

13.  Tanbark  Oak  (Quercus  densiHora).  Southern  Oregon  and  California, 
west  of  the  Sierra  Nevada  mountains.  Heart-wood  light  brown  or  tinged 
with  red;  sap-wood  thick,  dark  brown  or  often  tinged  with  yellow.  Wood, 
very  hard,  heavy,  strong  and  close-grained.  Old  and  slow-growing  trees 
produce  wood  that  is  very  brittle  and  not  durable  in  contact  with  the  soil. 
Little,  used  in  construction. 

Aknong  the  American  live  oaks  may  be  mentioned  the  four  following: 

14.  Southern  Live  Oak  (Quercus  virginiana).  Southern  States,  from  the 
coast  of  Virginia  to  Florida  and  westward  to  Texas  and  Lower  California, 
southern  Mexico,  Central  America  and  Cuba.  Trees  reach  a  height  of  from 
50  to  60  feet  and  a  diameter  of  from  3  to  6  feet.  Foliage,  evergreen,  the  trees 
resembling  apple-trees  in  general  appearance.  Heart- wood  light  brown, 
tiilged  with  yellow;  sap-wood  very  thin  and  cream-colored  or  sometimes 
nearly  white.  Wood,  very  hard,  heavy,  strong,  tough,  difficult  to  work,  easy 
to  split,  capable  of  receiving  a  high  polish  and  very  durable  in  contact  with 
the  soil.    Principal  mse  has  been  for  ship-building. 

15.  California  Live  Oak  (Quercus  agrifolia).  California.  Heighth  of 
tree  from  40  to  75  feet;  diameter  from  3  to  6  feet.  Foliage,  evergreen; 
shape  of  tree  similar  to  that  of  the  apple-tree.  Heart-wood  light  brown 
tinged  with  red;  sap-wood  thick  and  slightly  darker-colored.  Wood,  hard, 
heavy,  close-grained  and  rather  brittle.    Little  used  in  construction. 

16.  Canon  Live  Oak  (Quercus  chrysolepis).  West  of  the  Rocky  Moun- 
tains, in  canons  and  high  elevations.  Manner  and  rate  of  growth  similar 
to  same  in  Eastern  live  oak.  Height  of  trees,  from  50  to  80  feet;  diameter, 
from  3  to  6  feet.  Foliage  evergreen.  Heart-wood,  light  brown,  sometimes 
tinged  with  red;  sap-wood  generally  quite  thick  and  sometimes  darker-col- 
ored than  heart-wood.  Wood,  very  hard,  heavy,  strong,  tough,  difficult  to 
work  and  not  durable  in  contact  with  the  soil.  Used  principally  in  making 
wagons,  implements,  tool-handles,  etc. 

17.  Highland  Live  Oak  (Quercus  wisliscni).  In  California  southward 
from  Mt  Shasta  into  Lower  California.  Height  of  tree  from  70  to  80  feet; 
diameter  from  4  to  6  feet.  Trunk  of  tree  usually  short  An  evergreen  oak, 
with  rather  indistinct  annual  rings  of  growth.  Heart-wood,  light  reddish 
brown;  sap-wood  thick  and  somewhat  lighter-colored.  Wood,  hard,  heavy, 
tough,  moderately  close-grained  and  very  durable  in  contact  with  the  soil. 
Little  used  in  construction. 

In  addition  to  the  above-mentioned  oaks  of  the  United  States  there  are 
the  following,  which  complete  the  list  of  all  those  in  any  way  commercially 
useful : 

18.  Swamp  Spanish  Oak  (Quercus  pagodeefolia),  Virginia,  south  through 
the  Gulf  States  and  up  the  Mississippi  River  valley  to  Illinois.    Wood,  un- 
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usually  close-grained  for  one  of  the  black  oaks.  Color,  light  reddish  brown. 
One  of  the  largest  of  the  American  oaks  and  the  largest  and  most  valuable 
timber-tree  of  the  region.  Valued  by  lumbermen  almost  as  highly  as  white 
oak  and  used  for  similar  purposes. 

19.  Laurel  Oak  (Quercus  laurifolia).  Coast-region,  on  streams  and  in 
swamps,  from  Virginia  to  Louisiana.  Color,  dark  brown  tinged  with  red. 
Wood,  heavy,  hard,  very  strong,  coarse-grained,  liable  to  check  badly  in 
drying.    Little  used  in  construction. 

20.  PaciAc  Post  Oak  (Quercus  garryana).  Washington  to  California. 
Wood,  heavy,  strong,  hard  and  tough.  Best  substitute  on  the  Pacific  Coast  for 
eastern  white  oak.  Used  for  inside  finish,  furniture,  carriages  and  ship-build- 
ing. 

21.  Valley  Oak  (Quercus  lobaia).  Valleys  of  western  California  between 
the  Sierra  Nevada  mountains  and  the  Pacific  Ocean.  Largest  oak  tree  of 
the  region.  Color,  light  brown.  Moderately  hard,  brittle,  fine-grained,  dif- 
ficult to  season.    Little  used  in  construction. 

22.  Arizona  White  Oak  (Quercus  arisonica).  Southern  Arizona  and  New 
Mexico.  Color,  dark  brown  or  nearly  black.  Very  heavy,  hard,  strong, 
close-grained,  liable  to  check  badly  in  drying.    Little  used  in  construction. 

23.  Emory  Oak  (Quercus  emoriji).  Western  Texas,  southern  Arizona 
and  New  Mexico.  Color,  dark  brown  or  almost  black.  Very  heavy,  not  hard, 
strong,  brittle,  close-grained.    Little  used  in  construction. 

24.  California  Black  Oak  (Quercus  calif ornica) .  Western  Oregon,  south- 
ward through  California-coast  mountains  and  western  slopes  of  the  Sierra 
Nevada  mountains.  Color,  light  red.  Heavy,  hard,  strong,  very  brittle. 
Little  used  in  construction. 

25.  Durand  Oak  (Quercus  breviloba).  Central  Alabama  and  Mississippi 
and  central  and  southern  Texas.  In  Mississippi,  said  to  equal  the  best  white 
oak  proper  and  used,  like  the  latter  for  similar  purposes,  such  as  pins  for 
cotton-gins,  spools,  etc.  In  Texas,  heavy,  hard,  strong,  brittle,  inclined  to 
check  and  brown  in  color. 

26.  Willow  Oak  (Quercus  phellos).  Along  the  Atlantic  coast  from  south- 
em  New  York  to  Texas  and  into  Tennessee  and  Kentucky.  Color,  light 
brown  tinged  with  red.  Wood,  heavy  and  strong,  not  hard  and  rather 
coarse-grained.  Sometimes  used  for  construction,  clapboards  and  wheel- 
fellies. 

27.  Shingle  Oak  (Quercus  imhricaria).  From  eastern  Pennsylvania  west- 
ward to  Kansas  and  southward  to  Arkansas.  Color,  light  brown,  tinged  with 
red.  Wood,  heavy,  hard,  rather  coarse-grained,  with  tendency  to  check 
badly.    Used  occasionally  in  construction  and   for  shingles  and  clapboards. 

28.  Turkey  Oak  (Quercus  catesba^i).  Atlantic  coast  from  North  Carolina 
to  Kansas  and  southward  into  Texas.  Color,  dark,  rich  brown.  Wood, 
hard,  strong  and  coarse-grained.    Little  used  in  construction. 

29.  Blackjack  Oak  (Quercus  marilandica).  Southern  New  York,  westward 
to  Kansas  and  southward  into  Texas.  Color,  dark,  rich  brown.  Wood, 
heavy,  hard  and  strong,  with  tendency  to  check  badly.  Little  used  in  con- 
struction. 

30.  Scarlet  Oak  (Quercus  coccinea).    Maine,  westward  to  Minnesota  and 
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southward  to  North  Carolina.    Color,  light  or  reddish  brown.    Wood,  heavy, 
hard,  strong  and  coarse-grained.    Little  used  in  construction. 

31.  Blue  jack  Oak  (Quercus  brevifolia).  North  Carolina  and  into  Florida 
and  Texas.  Color,  light  brown,  tinged  with  red.  Wood,  hard,  strong,  close- 
grained.    Little  used  in  construction. 

32.  Blue  Oak  (Quercus  Douglasii).  In  California  from -upper  valley  of 
Sacramento  River  southward  along  west  slope  of  the  Sierra  Nevada  moun- 
tains to  the  Mohave  Desert.  Color,  dark  brown,  becoming  nearly  black  when 
exposed.  Wood,  heavy,  very  hard,  strong,  brittle  and  inclined  to  check  in 
drying.    Little  used  in  construction. 

33.  Pin  Oak  (Quercus  palustris),  Minnesota  to  Kansas  and  eastward 
intermittently  to  Massachusetts  and  Virginia.  Heavy,  hard,  strong  and  in- 
clined to  check  badly  in  seasoning.  Used  for  shingles,  clapboards,  construc- 
tion, inside  finish  and  cooperage. 

34.  Yellow  Oak  (Quercus  velutina).  Sometimes  called  '*black  oak."  East 
of  longtitute  96  degrees,  Maine  and  Florida,  westward  intermittently  to 
Minnesota  and  Texas.  Color,  bright  brown,  tinged  with  red.  Wood,  heavy, 
hard,  strong,  liable  to  check  in  drying,  not  tough,  coarse-grained.  Used  in 
.construction,  furniture,  cooperage,  etc. 

61.  XL  POPLAR  OR  COTTONWOOD  (Populus),  These 
trees  are  represented  on  both  continents  and  are  among  the  most 
widely  distributed  species  of  wood ;  and  yet  the  bulk  of  the  lumber 
manufactured  from  them  in  this  country  comes  from  the  Central 
and  Southern  States.  The  commercial  term  "cottonwood"  em- 
braces several  species,  such  as  the  common  cottonwood,  aspen  or 
popple,  large-tooth  aspen  or  poplar,  black  cottonwood  and  several 
other  species  of  minor  importance.  Though  the  tulip  poplar 
(Liriodendron  tulipifera)  bears  the  name  "poplar"  in  many  parts 
of  the  country,  it  is  a  species  entirely  diiferent  from  the  cottonwood 
or  poplar  of  Maine  or  Wisconsin  and  the  two  should  not  be  con- 
fused. The  common  commercial  "cottonwood"  of  the  East  reaches 
its  best  development  in  the  South  Central  States  and  is  cut  princi- 
pally in  that  region.  The  wood  is  often  substituted  for  whitewood 
but  is  less  desirable. 

1.  Poplar  or  Large-tooth  Aspen  (Populus  granditentata) .  This 
tree  grows  from  Maine  to  Minnesota  and  southward  along  the  Alle- 
ghanies.  It  reaches  a  height  of  from  60  to  80  feet  and  a  diameter 
of  about  2  feet.  The  wood  is  soft,  light  in  weight,  compact,  close- 
grained  and  weak.  It  is  little  used  in  construction,  but  is  employed 
for  paper-pulp  and  occasionally  for  woodenware. 

2.  Cottonwood  (Populus  delt aides  or  monilifera).  This  tree 
is  found  from  New  England  to  the  Rocky  Mountains,  in  the  Missis- 
sippi Valley,  and  the  West.  It  furnishes  most  of  the  cottonwood 
of  the  market.  The  trees  reach  a  height  of  from  75  to  100  feet 
and  a  diameter  of  from  4  to  5  feet.    The  wood  is  light  in  weight. 
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soft,  weak,  liable  to  warp,  difficult  to  season,  close-grained  and 
compact.  It  is  used  for  paper-pulp,  packing-boxes,  fence-boards, 
etc. 

3.  Black  Cottonwood  (Populus  trichocarpa).  This  tree  grows 
along  the  Pacific  Coast  from  Alaska  to  California  and  is  the  largest 
deciduous  tree  of  the  Puget  Sound  district.  It  sometimes  attains 
a  height  of  150  feet  and  a  diameter  of  from  4  to  6  feet.  The  wood 
is  light  in  weight,  compact,  soft  and  weak.  It  is  used  for  wooden- 
ware  and  staves. 

There  are  also  two  more  species  that  may  be  mentioned : 

4.  Balsam  (Populus  balsamifera) ,  called  also  the  "balm  of 
Gilead,"  growing  along  the  northern  boundary  of  the  United  States, 
and  the 

5.  Aspen  (Populus  tremuloides),  growing  from  Maine  to  Wash- 
ington and  northward,  and  south  in  the  western  mountains  to  Cali- 
fornia and  New  Mexico. 

62.  XII.  SYCAMORE  (Platanus),  The  name  "sycamore" 
applies  to  the  buttonball,  buttonwood  or  plane  tree  in  North  Amer- 
ica. There  is  an  eastern  and  a  western  species,  the  former  being 
commercially  important.  It  is  a  very  useful  wood,  widely  dis- 
tributed but  not  occurring  in  sufficient  quantity  in  any  one  locality 
to>make  a  large  cut  of  it  practicable.  It  has  an  unusually  compli- 
cated, cross-grained  but  beautiful  structure. 

1.  Sycamore,  Buttonwood  on^uttonball  (Platinus  occidentalis). 
This  species  grows  from  Maine  to  Florida  and  intermittently  to 
Nebraska  and  Texas  and  is  the  one  species  which  is  commercially 
important.  The  trees  reach  a  height  of  from  90  to  over  100  feet 
and  a  diameter  of  from  6  to  (sometimes)  12  feet.  Some  specimens 
rank  among  the  largest  of  American  deciduous  trees.  The  greatest 
production  of  sycamore  lumber  is  in  the  central  hardwood-states  and 
neighboring  Southern  States,  with  Indiana  and  Missouri  leading. 

In  color  the  wood  varies  from  white  to  light  brown  and  in  struc- 
ture it  is  close-grained  and  compact  with  conspicuous  satiny,  medul- 
lary rays.  It  is  very  attractive  when  quartered.  The  wood  is 
heavy,  tough,  hard,  stiff,  difficult  to  work,  not  strong,  usually  cross- 
grained,  hard  to  split,  liable  to  shrink  moderately  and  to  warp  and 
check.  It  stands  well,  however,  when  not  exposed.  It  is  used 
for  finishing-lumber,  cabinet-work,  drawer-backs  and  bottoms, 
cooperage,  tobacco-boxes,  butcher-blocks,  ox-yokes,  etc. 

2.  California  Sycamore  (Platinus  racemosa).  The  habitat  of 
this  species  is  California.  It  is  called,  also,  sycamore,  button- 
wood,  buttonball-tree  and  buttonball.  The  trees  grow  to  a  height 
of  from  75  to  100  feet  and  to  a  diameter  of  from  3  to  4  feet. 
The  heart-wood  is  light  reddish  brown  and  the  sap-wood  lighter. 
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The  grain  is  close,  the  structure  compact,  the  medullary  rays  nu- 
merous and  conspicuous  and  the  surface-appearance  is  beautiful 
when  the  specimens  are  quartered.  The  wood  is  brittle,  very  diffi- 
cult to  split  and  to  season.  Other  structural  qualities  are  similar 
to  those  of  the  eastern  sycamore  and  its  uses  are  generally  the  same. 
63.  XIII.  WALNUT  (Juglans).  This  tree  occurs  in  small, 
scattered  groups  over  a  large  portion  of  the  eastern  half  of  the 
United  States,  and  its  finest  development  is  found  in  the  states  of 
the  Ohio  valley. 

"The  English  or  royal  walnut  (Juglans  regia),  a  native  of  Persia,  was  the 
only  available  species  of  this  genus  until  the  introduction  of  the  nearly 
similar  black  walnut  of  North  America,  aboait  the  middle  of  the  seventeenth 
century.  As  oak  gave  way  first  to  soft  woods  for  construction,  so  it  gave 
way  first  to  walnut  for  cabinet-purposes.  The  wood  soon  became  very 
fashionable  and  exorbitant  prices  were  paid  for  it.  Walnut  was  extremely 
popular  in  the  United  States  until  about  1880,  when  oak  began  to  resume 
its  place  as  the  popular  cabinet- wood.  The  wood  of  the  American  species 
is  superior  to  that  of  the  English  or  Persian."* 

I.  Black  Walnut  (Juglans  nigra).  This  is  one  of  the  most 
widely  distributed  and  valuable  of  our  deciduous  trees.  It  grows 
from  south-western  New  England  to  Minnesota  and  south  through 
the  Eastern  and  Central  States.  The  usual  height  of  the  natural 
tree  is  from  70  to  90  feet  and  the  diameter  from  23^  to  4  feet. 

For  many  years  Ohio  and  Indiana  have  stood  foremost  in  the 
production  of  black-walnut  lumber.  The  total  production  has  re- 
mained comparatively  steady  during  the  past  twenty  years,  mainly 
because  lumber  from  this  species  continues  to  command  a  higher 
price  than  that  manufactured  from  any  other  native  wood.  A  con- 
siderable quantity  is  exported  to  Europe  in  the  form  of  logs  from 
10  to  20  feet  long  and  from  15  to  30  inches  square  in  cross-section. 

The  wood  is  chocolate-colored,  or  dark,  chocolate-brown  which 
deepens  with  age  and  exposure ;  but  its  somber,  although  rich,  shade 
has  sometimes  been  objected  to  for  some  positions  and  uses.  The 
wood  is  heavy,  hard,  strong  and  coarse-textured.  It  shrinks  mod- 
erately in  drying,  and,  if  care  is  taken,  dries  without  checking.  It 
works  and  stands  well,  takes  a  good  polish  and  is  very  durable  in 
contact  with  the  soil,  as  only  the  sap-wood  decays. 

In  the  earlier  days  walnut  was  used  even  for  fence-posts,  shingles 
and  the  construction  of  ships.  Later,  while  still  fairly  abundant, 
it  was  used  for  interior  finish,  cabinet-work,  furniture,  gunstocks, 
tool-handles  and  carriage-hubs.  It  has  become  too  scarce  to  be 
put  to  ordinary  uses  and  is  now  employed  largely  as  a  veneer.     The 

♦  "The  Principal  Species  of  Wood,"  by  Charles  Henry  Snow. 
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finer  grades  have  a  beautiful  figured  surface  and  logs  of  unusually 
fine  grain  bring  high  prices  for  veneer-manufacturing. 

2.  White  Walnut  or  Butternut  (Juglans  cinerea).  This  species 
is  found  from  New  Brunswick  to  Georgia  and  westward  to  Dakota, 
Arkansas  and  Texas.  The  best  timbers  come  from  the  Ohio  River 
basin.  The  trees  rank  as  medium-sized,  sometimes  reaching  a 
height  of  75  feet  and  a  diameter  of  from  2  to  4  feet. 

The  wood  is  in  many  respects  similar  to  that  of  the  black  walnut. 
The  color  in  general  is  light  brown,  the  heart-wood  being  light 
gray-brown,  darkening  with  exposure  and  the  sap-wood  being  nearly 
white.  The  wood  is  light  in  weight,  quite  soft  and  not  strong.  It 
is  easily  worked  and  takes  a  high  polish.  It  is  used  chiefly  for 
finishing-lumber  and  cabinet-work. 

64.  XIV.  WHITEWOOD,  YELLOW  POPLAR  or  TULIP 
POPLAR  (Liriodendron  tulipifera).  This  is  known  also  as  the 
"tulip  tree"  and  "hickory  poplar."  The  trade  names  "yellow  poplar" 
and  "tulip  poplar"  are  used  to  designate  this  tree,  which  is  known 
to  the  botanists  as  the  "tulip  tree"  and  they  have  no  reference  to 
the  true  poplars  of  the  genus  Populus,  of  which  the  cottonwoods 
and  aspens  are  prominent  representatives. 

The  basswood  (TUia),  poplar  or  cotton  wood  (Populus) ,  white- 
wood  or  tulip-tree  wood  (Liriodendron)  and  cucumber-tree  wood 
{Magnolia)  are  not  botanically  related  as  one  genus ;  but  the  fact 
that  they  are  all  noted  as  woods  with  soft,  fine  qualities,  that  they 
have  in  general  like  structural  qualities  and  can  be  put  to  the  same 
general  uses,  has  led  to  the  commercial  interchanging  of  these 
names  and  of  the  woods  themselves;  and  this  has  resulted  in  con- 
siderable confusion. 

The  whitewood  or  yellow  poplar  tree  is  found  from  southern 
New  England  to  the  Mississippi  River,  south  to  Florida  and  south- 
west to  Arkansas,  Missouri  and  Mississippi.  The  manufacture  of 
its  lumber  is  for  the  most  part  confined  to  the  Appalachian- Moun- 
tain. States.  Recent  government  reports  affirm  that  it  "is  the  most 
valuable  lumber  in  the  United  States  which  is  produced  on  a  large 
scale"  *  and  that  "during  the  last  few  years  the  highest  grades  have 
advanced  markedly  in  price  owing  to  the  demand  for  this  class  of 
stock  in  the  manufacture  of  automobile-bodies."  *  The  maximum 
production  was  passed  several  years  ago  and  the  output  is  steadily 
decreasing.  Tennessee,  West  Virginia  and  Kentucky  have  long  been 
the  centers  of  production. 

The  tree  attains  a  height  of  from  90  to  150,  sometimes  nearly  200 
feet,  and  a  diameter  of  from  6  to  12  feet.    The  general  color  of  the 


•  **^ 


'Lath,  Lumber  and  Shingles,  1009."    Forest  Products,  No.  2,  Bureau  of  the  Census, 
Department  of  Commerce  and  Labor,  April  ii,  191 1. 
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wood  is  yellowish.  The  wood  is  usually  light,  but  varies  in  weight. 
It  is  soft,  tough,  but  not  strong  and  has  a  fine  texture.  It  is  fairly 
durable  when  exposed  to  the  weather  or  in  contact  with  the  ground. 
It  shrinks  slightly,  seasons  without  injury  and  works  and  stands 
exceedingly  well.  The  sap-wood  is  thin,  light  in  color  and  decays 
rapidly. 

With  the  diminution  of  the  white^pine  supply,  yellow  poplar  has 
been  much  used  in  its  place.  Lumbermen  recognize  two  kinds  of 
poplar  timber,  white  poplar  and  yellow  poplar.  Trees  growing  on 
dry,  gravelly  soil  produce  a  wood  that  is  lighter-colored  and  harder 
to  work  and  called  "white  poplar"  or  "hickory  poplar."  Those 
growing  in  rich  alluvial  or  limestone-soil  have  a  dark-yellow  heart- 
wood  which  is  highly  prized  because  of  its  fine  grain  and  easy- 
working  qualities. 

The  wood  is  used  for  siding,  paneling,  interior  finish,  toys, 
boxes,  furniture,  shelving,  drawers,  culinary  woodenware,  wagon- 
boxes,  carriage-bodies,  slack-staves  and  heading  and  backing  for 
veneers.  It  is  in  great  demand  throughout  the  vehicle  and  imple- 
ment-trade and  is  an  ideal  wood  for  the  carver  and  toy-maker. 

65.  XV.  MINOR  VARIETIES  OF  WOODS.  In  addition 
to  the  preceding  fourteen  divisions  or  genuses  which  include  those 
native  woods  most  used  in  building-construction  in  the  United 
States,  there  -are  several  (commercially)  minor  species  which,  in 
addition  to  being  manufactured  into  lumber  in  relatively  small 
quantities,  are  cut,  also,  into  special  forms  suited  to  those  particular 
uses  for  which  they  are  adapted.  These  twenty-four  species  may 
be  briefly  enumerated  as  follows: 

1.  Red  Alder  (Alnus  oregona).  The  wood  is  light,  soft,  not  strong, 
brittle,  very  close-grained,  compact,  easily  worked  and  takes  a  beautiful 
polish.  It  is  reported  to  be  peculiarly  adapted  to  staining  and  can  be 
made  to  resemble  ebony  or  mahogany.  Cabinet-makers  and  manufacturers 
of  furniture  sometimes  work  the  large  knots  or  burls  into  pleasing  com- 
binations as  panels  and  table-tops.  These  burls  bear  some  resemblance  to 
those  of  walnut  and  are  worked  in  a  similar  manner.  The  wood  is  used 
principally  in  the  manufacture  of  furniture,  saddles,  handles  and  pulleys. 

2.  Apple  (Pyrus).  (i)  Crab  Apple  or  Fragrant  Crab  (Pyrus  coronaria). 
The  wood  is  heavy,  close-grained  and  not  hard  nor  strong.  It  is  used  for 
levers,  tool-handles  and  small  dcrmestic  articles.  (2)  Crab  Apple  (Pyrus 
augustifolia).  This  is  similar  in  character  to  Pyrus  coronaria,  but  hard  and 
is  used  for  the  same  purposes.  (3)  Oregon  Crab  Apple  (Pyrus  rivularis). 
The  wood  is  heavy,  very  close-grained,  hard  and  has  a  satiny  surface  which 
takes  a  high  polish.  It  is  used  for  mallets,  mauls,  handles  of  tools  and  bear- 
ings of  machinery. 

3.  Boxwood.  The  true  boxwood  (Buxus  sempervirens)  attains  to  some 
size  in  Europe  and  Asia,  but  remains  a  small  shrub  in  America,  where  it  is 
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seldom  if  ever  cut  for  wood.  American  boxwood  is  derived  chiefly  from 
Dogwood  (Comus  Horida),  Mexican  Persimmon  (Diospyros  texana)  and 
Rose  Bay  or  Great  Laurel  (Rhododendron  maximum),  Yellowwood 
(Schtpfferia  frutescens),  also,  is  known  as  boxwood.  (See,  also,  under  dog- 
wood, persimmon  and  laurel.) 

4.  Buckeye  or  Horse  Chestnut  (Msculus),  (i)  Ohio  Buckeye  or  Fetid 
Buckeye  (JEsculus  glabra).  The  wood  is  light,  soft,  close-grained,  not 
strong,  often  blemished  by  dark  lines  of  decay.  It  is  not  distinguished  com- 
mercially from  ^sculus  octanda.  It  is  used  for  artificial  limbs,  occasionally 
for  lumber,  and  for  woodenware,  paper  pulp,  etc.  (2)  Sweet  Buckeye 
(^sculus  octandra).  The  wood  is  light,  soft,  close-grained  and  difficult  to 
split.  It  is  used  for  the  same  purposes  as  ^sculus  glabra,  (3)  California 
Buckeye  (^sculus  californica).  The  wood  is  light,  soft,  very  close-grained 
and  little  used  in  construction. 

5.  Catalpa  (Caialpa),  The  wood  of  the  (i)  Hardy  Caialpa  (Catalpa 
speciosa)  is  better  than  that  of  the  (z)  Common  Catalpa  (Catalpa  catalpa). 
The  wood  of  the  former  is  light  in  weight,  soft,  not  strong,  elastic,  and 
durable  in  contact  with  the  soil.  It  is  used  for  fence-posts  and  railroad-ties 
and  is  adapted  for  cabinet-work  and  inside  finish. 

6.  Coffee  Tree  (Gymnocladus  dioicus).  The  wood  is  heavy,  strong, 
moderately  hard,  very  stiff,  of  coarse  texture  and  durable  in  contact  with 
the  soil.  It  shrinks  and  checks  considerably  in  drying,  works  and  stands 
well  and  takes  a  good  polish.  It  is  used  to  a  limited  extent  in  cabinet-work 
and  for  posts. 

7.  Cucumber  Tree  or  Mountain  Magnolia  (Magnolia  acuminata).  The 
wood  is  light  in  weight,  soft,  not  strong,  close-grained  and  durable.  It  has 
qualities  similar  to  those  of  whitewood  and  has  been  often  sold  for  that  wood. 
It  is  used  principally  for  cabinet-making,  cheap  furniture,  flooring,  pump- 
logs,  troughs,  crates,  packing-boxes  and  other  purposes  similar  to  those 
for  which  whitewood  is  used.  ( See,  also,  basswood,  laurel,  poplar  and  white- 
wood.) 

8.  Dogwood  or  Flowering  Dogwood  (Cornus  Aorida).  This  is  called, 
also,  "boxwood."  The  Mexican  or  Black  Persimmon  (Diospyros  texana), 
and  the  Great  Laurel  (Rhododendron  maximum)  afford  substitutes.  The 
names  "dogwood"  and  "poison-dogwood"  are  often  applied  to  the  sumach. 
The  wood  of  the  dogwood  is  heavy,  strong,  tough  and  hard  and  takes  a  high 
polish.  It  is  used  for  wood-carving,  engraving,  bearings  of  machinery  and 
turnery.     (See,  also,  boxwood.) 

9.  Eucalyptus  (Eucalyptus),  The  eucalypts  are  native  to  Australia  and 
Tasmania  but  have  been  planted  extensively  in  California.  They  are  known 
also,  locally,  as  **gum-trees."  The  Blue  Gum  (Eucalyptus  globulus)  is  the 
species  commonly  referred  to  when  eucalyptus  is  mentioned  in  North  Amer- 
ica. The  wood  is  very  hard,  strong,  heavy,  tough  and,  after  it  has  dried, 
difficult  to  split.  It  is  not  durable  in  contact  with  the  soil.  It  is  close- 
grained  and  less  elastic  than  hickory.  In  appearance  it  closely  resembles 
the  woods  of  hickory  and  ash. 

It  is  used  for  wharf-piling  and  resists  the  attacks  of  marine  borers  longer 
than  other  species  commonly  used.    It  is  not  suitable  for  fence-posts  and 
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telephone-poles  on  account  of  its  short  life  when  in  the  ground.  It  has  been 
manufactured  into  lumber  for  use  in  vehicle-stock,  agricultural  implements, 
furniture,  cabinet-work,  flooring,  wood  paving,  etc 

10.  Hackherry  (Celtis  occidentalis).  The  wood  is  of  medium  weight, 
hardness  and  strength  and  is  rather  elastic.  It  is  not  of  special  importance 
commercially  but  is  used  to  some  extent  in  the  manufacture  of  cheap  furni- 
ture. Its  technical  qualities  resemble  those  of  the  elm  and  white  ash  and  it 
is  occasionally  used  as  a  substitute  for  them.  It  is  not  durable  in  contact 
with  the  soil,  and,  like  hickory,  when  used  unpeeled  above  ground,  is  likely 
to  become  worm-eaten. 

11.  Hickory  (Hicoria),  Different  species  are  known  by  different  common 
names,  such  as  "shagbark  hickory"  or  "shellbark  hickory,"  "pignut  hickory" 
(also  known  as  "brown  hickory,"  "black  hickory"  or  "switch-bud  hickory"), 
*'mocker-nut  hickory"  (also  known  as  "black  hickory,"  "bull-nut,"  "big-bud," 
etc.),  "pecan  hickory"  (also  known  as  "pecan  nut,"  "pecan  tree,"  "pecan," 
etc.),  etc.  The  wood  is  very  heavy,  hard,  strong  and  proverbially  tough  and 
flexible.  It  is  of  rather  coarse  texture,  smooth  and  straight-grained.  It 
dries  slowly,  shrinks  and  checks  considerably,  is-  not  durable  in  the  ground 
or  if  exposed,  and,  especially  the  sap-wood,  is  always  subject  to  the  inroads 
of  boring  insects.  It  is  largely  used  for  carriages  and  wagon-stock,  but 
is  also  extensively  used  in  the  manufacture  of  implements  and  machinery, 
tool-handles,  timber-pins,  harness-work,  cooperage,  wheels,  runners,  axe- 
handles,  etc. 

12.  Holly  (Ilex).  The  woods  of  the  holly,  boxwood  and  lignum  vitae 
are  often  grouped  together  with  reference  to  the  similarity  of  their  general 
character  and  uses.  They  are  all  used  in  comparatively  small  and  very 
perfect  pieces  and  supply  needs  for  which  other  woods  do  not  appear  to 
be  well  adapted.  The  American  Holly  (Ilex  opaca),  is  noted  for  its  ivory- 
white  color.  The  wood  is  of  medium  weight,  hard,  tough,  not  strong,  very 
close  and  even-grained  and  of  fine,  compact  texture.  It  works  easily  and 
stands  well.  It  is  used  for  furniture,  turnery,  scrollwork,  and  cabinet- 
work and  its  color  fits  it  specially  for  the  white  of  inlaid  work,  carvings  and 
other  decorations  where  white  color  and  fine  qualities  are  required. 

13.  Laurel  (Magnolia,  Umbellularia,  Arbutus,  Rhododendron,  etc.).  The 
name  "laurel*  is  given  locally  or  botanically  to  a  number  of  American 
plants,  several  of  which  grow  to  the  size  of  trees.  (See,  also,  boxwood,  dog- 
wood, cucumber  tree,  etc.).  The  wood  of  the  (i)  Big  Laurel  or  Magnolia 
(Magnolia  grandiflora)  is  suitable  for  interior  finish.  The  (2)  California 
Laurel  (Umbellularia  califomica),  called  also  "mountain  laurel"  and  "myrtle- 
tree"  is  close-grained,  compact,  heavy,  hard,  strong  and  takes  a  beautiful 
polish.  It  is  used  for  ship-building,  cleats,  cross-trees  and  interior  work 
and  Professor  Sargent  considers  it  the  most  valuable  cabinet-wood  pro- 
duced by  the  forests  of  the  Pacific  Coast.  The  (3)  Madrona  or  Madrona 
Laurel  (Arbutus  mensiessii)  has  little  place  in  construction  although  it  has 
been  usod  for  furniture.  The  wood  of  the  (4)  Great  Laurel  or  Rose  Bay 
(Rhododendron  maximum)  has  been  used  as  boxwood. 

14.  Lignum  Vita  (Guaiacum).  The  supply  is  obtained  from  two  species 
(Guaiacum  sanctum  and  Guaiacum  officinale).    The  wood  of  the  former  is 
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close-grained,  compact,  very  heavy,  exceedingly  hard,  strong,  difficult  to 
work  and  brittle.  It  may  be  lubricated  by  water.  The  layers  of  fibers 
alternately  cross  one  another  so  that  the  wood  may  be  said  to  crumble 
rather  than  to  split  No  wood  is  superior  to  this  for  implements  that  must  be 
fine,  true  and  strong,  such  as  the  sheaves  of  pulleys,  ship-blocks,  rollers,  tool- 
handles  and  bearings  for  journals  rotating  in  water.  (See,  also,  under  holly 
and  boxwood.) 

15.  Locust  (Robinia,  Gleditsia,  Prosopis).  The  name  "locust"  applies  to 
species  of  three  distinct  genera,  all  of  which  belong,  however,  to  the  family 
Leguminosa.  The  (i)  Black  Locust  (Robinia  pseudacacia) ,  is  known,  also, 
as  "yellow  locust"  or  often  simply  "locust."  The  wood  is  close-grained,  com- 
pact, very  heavy,  tough,  very  hard,  strong  and  very  durable  in  contact  with 
the  soil  and  under  extreme  conditions  of  dryness  and  moisture.  It  is  used 
for  long  wooden  bolts  or  pins  called  "tree-nails,"  and  for  fence-posts,  ties, 
building-construction,  turnery,  ship-ribs,  insulator-shanks,  wagon-hubs,  ve- 
hicles, etc. 

The  (2)  Honey  Locust  (Gleditsia  triacanthos)  has  also  various  local 
names,  such  as  "sweet  locust,"  "three-thorned  acacia,"  "black  locust,"  etc 
The  wood  is  coarse-grained,  heavy,  hard,  tough,  strong  and  fairly  durable 
in  contact  with  the  soil.  It  will  take  a  good  polish.  It  is  used  chiefly 
for   fence-posts,   poles,   wagon-hubs    and    rough   construction. 

The  (3)  Mesquite  (Prosopis  juUHora)  is  called  also,  locally,  "honey  lo- 
cust." The  wood  is  hard,  heavy,  difficult  to  work,  but  weak.  It  is  almost 
indestructible  in  exposed  positions.  It  is  used  locally  for  posts,  fencing, 
railroad-ties,  house-beams,  etc. 

16.  Magnolia  (Magnolia  fcetida).  Sometimes  called  "bull  bay."  The  wood 
is  harder  and  heavier  than  the  other  North  American  magnolias.  It  is 
creamy  white  in  color  and  well  suited  to  interior  finish  and  cabinet-work. 
(See  cucumber  tree  and  laurel.) 

17.  Mulberry  (Morus),  The  Red  Mulberry  (Morus  rubra)  has  wood 
which  is  light  in  weight,  of  coarse  texture,  not  strong,  rather  tough  and 
very  durable  in  contact  with  the  soil.  It  shrinks  and  checks  considerably 
in  drying  but  works  and  stands  well  and  will  take  a  good  polish.  It  is 
used  locally  for  ship-building  and  for  agricultural  implements,  fencing  and 
cooperage. 

18.  Myrtle  Tree.     (See  laurel.) 

19.  Osage  Orange  or  Bois  d*  Arc  (Madura  aurantiaca  or  Toxylon  pomi- 
ferum).  The  wood  of  this  tree  is  close-grained,  hard,  heavy,  tough,  flexible, 
and  strong.  It  shrinks  in  seasoning,  is  durable  in  contact  with  the  soil  and 
will  receive  a  beautiful  polish.  It  is  used  for  fence-posts,  piles,  telegraph-poles 
and  telephone-poles,  railroad-ties,  paving-blocks,  turned  ware,  wood-carv- 
ing and  occasionally  for  interior  finish. 

20.  Persimmon  (Diospyros  virginiana).  This  tree  is  a  member  of  the 
ebony  family  (Ebenacea),  and  the  extremely  close-grained  heart-wood  is 
almost  black.  The  ebony  of  commerce,  however,  is  derived  from  tropical 
species  of  this  genus.  The  wood  is  very  hard  and  heavy,  strong  and  tough 
and  somewhat  resembles  hickory,  but  is  of  finer  texture.  It  is  used  for 
shuttles,  plane-stocks,   shoe-lasts,  etc. 
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21.  Sassafras  (Sassafras  officinale  or  Sassafras  sassafras).  The  wood  is 
light,  soft,  not  strong,  brittle  and  of  coarse  texture.  It  checks  in  drying 
and  is  durable  in  contact  with  the  soil.  It  is  used  for  cooperage,  fence- 
posts  and  rails,  ox-yokes,  skiffs,  etc. 

22.  Shittim-wood  or  Bearberry  (Rhamnus  purshiana).  This  tree  is  known 
as  the  "coffee  tree,"  "bitter  bark,"  "bearwood"  and  "wahoo."  The  wood  is 
light,  soft  or  hard,  not  strong  and  of  a  brownish  color  tinged  with  red. 
The  bark  of  Rhamnus  purshiana  possesses  the  drastic  properties  found  in 
that  of  the  other  species  of  the  genus.  It  is  a  popular  domestic  remedy  in 
the  region  in  which  it  grows  and  under  the  name  of  Cascara  sagrada  has 
been  admitted  into  the  American  materia  medica. 

23.  Silver  Bell  Tree  (Mohrodendron  carolinum).  The  wood  is  light  in 
weight,  soft,  close-grained  and  light  brown  in  color.  It  grows  to  a  good  size 
in  the  South  Atlantic  States  but  is  little  used  in  building-construction. 

24.  Willow  (Salix).  The  Black  Willow  (Salix  nigra)  is  the  native  com- 
mercial species.  The  wood  is  close-grained,  soft,  light  in  weight,  weak, 
checks  badly  in  drying  and  works  readily.  It  dents  without  splitting.  It 
is  used  for  lap-boards,  basket-making,  fuel  and  charcoal. 

White  Willow  (Salix  alba).  This  tree  was  introduced  from  the  eastern 
hemisphere  into  the  United  States  very  early  in  the  settlement  of  the 
country.  The  common  name,  "white  willow,"  is  also  applied  to  another 
exotic  species,  the  Salix  fragilis,  similar  to  the  Salix  alba  in  form  and  habits. 
It  is  called  **crack  willow." 

The  wood  of  the  Salix  alba  is  very  soft,  light,  flexible  and  fairly  strong. 
It  is  used  in  slack-cooperage  and  for  cricket-bats  and  base-ball  bats.  As  it  is 
fairly  durable  in  contact  with  the  soil,  it  has  been  generally  used,  also, 
for  fence-posts  on  the  northwestern  plains. 

66.  IMPORTED  WOODS.*  The  importation  of  fine  hard- 
woods for  interior  finish,  cabinet-work  and  other  purposes,  is  in- 
creasing constantly  in  proportion  to  the  growing  scarcity  and 
increasing  cost  of  our  own  forest-products.  The  commercial  de- 
velopment of  the  tropical  and  semitropical  countries  has  placed  at 
our  disposal  an  immense  supply  of  valuable  woods  of  utility  and 
beauty,  some  of  which  are  in  great  demand.  There  are  many 
species  of  good  size  and  commercial  possibilities,  comparatively 
unknown  to  the  wood-working  trade,  but  which  will  be  exploited 
and  used  to  a  large  extent  as  they  are  better  understood.  Of  the 
imported  woods,  mahogany,  including  the  substitutes  or  mahogany- 
like woods,  is  the  most  popular.  The  annual  importation  (1912) 
has  grown  to  an  amount  which  is  between  forty  and  fifty  million 
feet,  board-measure.  It  is  a  wood  of  great  beauty  and  utility  and 
is  the  cheapest  of  all  the  imported  woods.    The  following  are  the 

*Much  valuable  data  on  this  subject  was  furnished  by  Mr.  Fessenden  Hall,  Phila- 
delphia»  Pa.,  the  Otis  Manufacturing  Company,  New  Orleans,  La.,  and  Uptegrove  & 
Beckwith,  New  York  City,  dealers  in  imported  woods,  and  by  the  United  States  Depart- 
ment of  Agriculture,  Forest  Service. 
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principal  woods  imported  in  logs,  converted  into  lumber  and  veneers 
and  used  in  the  manufacturing  of  furniture,  pianos,  cabinet-work 
and  interior  finish  of  all  descriptions : 

67.  I.  MAHOGANY  (i'wiVf^nia,  etc.).  The  commercial  name 
"Mahogany"  is  applied  to  several  genera  and  species  of  trees. 
About  forty  mahoganies,  so-called,  are  sold  in  the  markets  of  the 
world  as  true  mahogany.  Among  the  principal  mahogany  trees  are 
the  Central  American  or  true  mahogany  {Swietenia  mahagoni),  the 
African  mahogany  (Khaya  senegalensis),  the  Indian  mahogany 
(Soymida  febriftiga),  etc.  There  are  also  minor  species  called 
"mahogany,"  such  as  the  Rhtis  integrifolia,  a  native  of  Lower  Cali- 
fornia and  the  different  species  of  the  Cercocarpus,  of  the  mountain- 
regions  of  Idaho  and  Arizona.  Then  there  is  the  so-called 
"Colombian  mahogany"  {Cariniana  pyriformis)  from  Colombia, 
the  white  mahogany  or  prima  vera  (Tabenia  donnell'Smithii),  the 
East  India  mahogany  or  padouk  (Pterocarpus  indicus  and  Ptero- 
carpus  dalbergioides),  the  so-called  "Spanish  cedar"  or  "Mexican 
cedar"  (Cedrela  odorata),  nearly  related  to  true  mahogany,  etc. 

An  estimate  of  the  available  amount  of  standing,  true  mahogany 
now  (1913)  to  be  found  in  the  forests  of  Mexico  and  Central 
America  cannot  be  made  without  the  aid  of  technical  experts  who 
can  distinguish  true  mahogany  by  its  botanical  characteristics.  At 
present  this  information  is  not  possessed  by  anyone,  but  the  latest 
and  most  accurate  figures  on  the  amount  of  mahogany  consumed  in 
this  country  may  be  obtained  from  the  government  reports.  Any 
claim  that  practically  all  of  the  mahogany  sold  in  the  United  States 
IS  genuine  is  not  based  upon  demonstrable  facts. 

"The  great  popularity  of  true  mahogany  as  a  furniture  and  finishing-wood 
has  caused  a  steady  depletion  of  the  available  supply  ever  since  its  earliest 
use,  in  about  1724.  Few  users  of  mahogany  realize  that  the  consumption  of 
material  passing  in  the  markets  as  mahogany  amounts  annually  to  about 
40,000,000  feet,  while  the  cut  of  real  mahogany  is  only  about  18,000,000  feet. 
This  does  not  mean  so  much  that  deliberate  deception  is  being  practiced  as 
it  does  that  the  demand  for  true  mahogany  greatly  exceeds  the  supply.  In 
consequence  the  producers  of  mahogany  have  had  to  seek  substitutes  in  order 
to  meet  the  demand.  Over  twenty  mahogany-like  woods  are  now  offered  as 
true  mahogany,  not  to  mention  a  considerable  number  of  woods  cunningly 
stained  to  imitate  that  wood.  While  the  consumer  may  derive  as  much 
satisfaction  from  an  article  of  imitation-mahogany  as  from  one  made  of 
the  genuine  wood,  the  discovery  that  real  mahogany  has  not  been  obtained 
is,  nevertheless,  ground  for  just  complaint."  * 

•  See  "Colombian  Mahogany,"  U.  S.  Department  of  Agriculture,  Forest  Service,  Circular 
No.  x85»  August  3,  191 X. 
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Mahogany,  if  we  include  the  substitutes  for  the  real,  owing  to 
improvements  in  getting  it  out,  the  employment  of  large  steamers 
in  freighting  it  to  this  country  and  improved  methods  of  manufac- 
turing it,  is  cheaper  than  it  was  in  former  years  and  more  generally 
used  than  ever  for  furniture  and  interior  finish.  Its  relative 
cost  is  less,  owing  to  the  higher  cost  of  quartered  oak  and  other 
domestic  hardwoods.  It  is  practically  free  from  sap,  and  the  heart- 
wood,  which  shows  a  deep-pink  color  when  sawed,  turns  to  a  rich, 
brown  red  on  exposure  to  the  light.  A  large  percentage  of  the 
wood  shows  a  broken-stripe  figure,  alternating  between  light  and 
dark  shades.  This  wood  does  not  fade  on  exposure  to  the  light, 
but  acquires,  with  age,  a  deep,  rich,  red  color.  Woods  stained  to 
imitate  mahogany  fade  in  a  few  years  and  present  a  spotted, 
streaked,  light-brown  appearance.  Any  imitation,  therefore,  is  only 
temporary. 

The  mahogany,  real  or  so-called,  now  used  in  this  country,  comes 
from  Mexico,  Central  and  South  America,  the  West  Indies  and 
Africa,  seventy-five  per  cent  of  the  present  supply  (1912),  coming 
from  Africa.  Formerly  some  mahogany  was  shipped  from  San 
Domingo,  but  it  was  never  gotten  out  in  large  quantities.  The 
wood  from  this  island  is  almost  identical  with  that  from  Cuba  and 
IS  generally  harder  than  that  from  Mexico  and  Honduras,  although 
a  percentage  of  Mexican  and  Honduras  wood  is  indistinguishable 
from  San  Domingo  wood.  The  Honduras  mahogany  was  originally 
termed  "baywood**  in  England,  because  it  was  exported  from  the 
Bay  of  Honduras.  Although  the  wood  from  British  Honduras  is 
somewhat  lighter  in  weight  and  color  than  that  from  Cuba  and 
San  Domingo,  this  term  is  generally  used  to  designate  soft  and 
inferior  grades  imported  from  the  northern  part  of  Mexico.  Dif- 
ferent mahoganies  show  marked  diflFerences  in  color,  but  mahogany 
from  the  State  of  Tabasco,  Mexico,  is  sold  in  Europe  at  the  same 
price  asked  for  Cuban  mahogany.  The  mahogany  from  the  State 
of  Tabasco  is  exported  from  the  ports  of  Frontera  and  Laguna. 

There  is  more  mahogany  now  used  in  solid  lumber  than  ever 
before,  but  unusually  well-figured  logs  of  large  size  are  "slice- 
cut"  into  veneers.  When  a  superior  piece  of  work  is  required. 
Tabasco  and  Honduras  mahoganies,  of  uniform,  dark  color  and 
hard  texture  are  often  specified.  African  mahogany  is  not  a  true 
mahogany. 

When  thoroughly  dried  and  glued,  there  is  no  wood  that  stays 
in  place  better  than  mahogany.  The  wood  is  strong,  brittle,  dur- 
able, stands  well,  shrinks  little  in  seasoning  and  is  peculiarly  marked 
with  short,  straight  lines  or  dashes,  by  which  it  can  be  distinguished 
from  other  woods  stained  to  imitate  it.     It  varies  with  the  variety, 
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from  a  coarse,  loose  texture  to  a  close  grain  and  weighs  from  3  to 
4^  pounds  per  superficial  foot,  i  inch  thick,  or  from  35  to  40 
pounds  per  cubic  foot  for  the  hardest  and  best  grades.  Mahogany 
logs  are  the  largest  of  all  those  of  the  imported  woods,  measuring 
often  six  feet  in  diameter  and  forty  feet  in  length. 
'I.  Mahogany  (Szmetenia  mahagoni).  This  species  comes  from 
Mexico,  Central  America,  the  West  Indies,  the  Bahamas,  the  Flor- 
ida Keys  and  South  America.  The  characteristics  and  uses  of  the 
wood  are  mentioned  above.     It  is  the  only  true  mahogany. 

2.  Colombian  Mahogany  (Cariniana  pyriformis).  This  tree  is 
not  related  in  any  way  to  true  mahogany.  It  derives  its  name, 
''Colombian  mahogany,"  from  the  fact  that  it  is  used  as  a  substitute 
for  mahogany  and  much  resembles  it  in  its  markings,  and  from  the 
fact,  also,  that  it  comes  from  Colombia  only.  It  is  not  known  how 
long  the  wood  has  been  used  in  the  United  States.  The  trunks  of 
the  trees  approach  the  cylindrical  in  shape,  are  straight,  vary  from 

'  24  to  70  inches  in  diameter  and  often  have  a  clear  length  of  50 
feet 

**It  seems  possible  now,  when  the  demand  for  true  mahogany  is  greater 
than  the  supply,  that  there  could  be  an  accepted  use  for  such  woods  as  the 
Cariniana,  acknowledged  to  be  other  than  mahogany,  but  to  be  so  similar 
to  it  in  color,  grain-effects  and  working-qualities  as  to  serve  for  the  rarer 
wood.  There  should  be  no  objection  to  calling  such  woods  by  their  proper 
names.  Moreover,  unless  all  good  substitutes  for  mahogany  were  used,  it 
would  be  impossible  to  meet  the   demand."* 

When  Cariniana  is  properly  seasoned  it  does  not  warp,  shrink, 
nor  check,  while  much  of  the  wood  is  beautifully  marked.  It  works 
well,  but  rapidly  dulls  the  mill-saws  because  of  the  presence  of 
calcium  oxylate,  a  hard  chemical  deposit  not  found  in  the  true 
mahoganies  and  Gaboon  mahoganies.  It  takes  a  filler  readily  and 
can  be  highly  polished.  It  is  hard,  strong,  heavy,  weighing  48 
pounds  per  cubic  foot,  and  tough,  and  in  color  and  weight  corre- 
sponds almost  exactly  to  genuine  mahogany.  There  is  no  reason 
why  it  should  not  be  employed  for  all  purposes  for  which  true 
mahogany  is  used.  In  many  cases  the  best  grades  of  Colombian  ma- 
hogany and  true  mahogany  command  practically  the  same  market- 
prices. 

3.  White  Mahogany  or  Prima  vera  (Tabenia  donnelUsmithii) , 
This  tree  is  found  on  the  west  coast  of  Mexico,  in  Central  America 
and  in  South  America.  It  attains  a  height  of  from  50  to  75  feet 
and  a  diameter  of  from  2  to  4  feet.  The  color  of  the  wood  is 
cream-white  and  the  beautiful  grain  resembles  that  of  the  true 

*  See  "Colombian  Mahogany,"  U.  S.  Department  of  Agriculture,  Forest  Service*  Circolsr 
No.  185,  August  3,  X91Z. 
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mahogany.  It  works  and  stands  well  and  in  texture,  weight  and 
uses  is  similar  to  the  latter  wood,  but  higher-priced.  The  wood 
of  the  butternut  or  white  walnut  has  been  sold  as  white  mahog- 
any. 

4.  East  Indian  Mahogany  or  Padouk  (Pterocarpus  indicus). 
This  tree  is  a  native  of  India,  Burma  and  the  Andaman  Islands. 
The  wood  is  hard,  but  works  well;  has  a  coarse,  open,  but  dense 
grain,  often  filled  with  a  gum-like  substance ;  and  takes  a  fine  polish. 
In  weight  the  wood  varies  from  5J4  to  6  pounds  per  superficial  foot, 
I  inch  thick.  The  color  varies  from  light  yellow  to  dark  red  or 
deep  Vermillion,  streaked  with  black,  giving  a  rich,  brilliant  ap- 
pearance. Exposure  to  strong  light  fades  this  wood,  although 
when  selected  for  even  color,  it  takes  a  very  fine  finish  and  is  almost 
indistinguishable  from  genuine  mahogany.  It  is  not,  however, 
suitable  for  furniture  as  it  contains  an  oil  in  the  fiber  and  does  not 
glue  up  well.  It  was  used  by  the  Pullman  Company  during  a 
period  of  more  than  twenty  years  for  the  berth-fronts  of  sleeping- 
cars*  There  are  a  number  of  banks  and  office-buildings  finished 
in  this  wood.     It  is  used  principally  for  interior  finish. 

5.  African  Mahogany  (Khaya  senegalensis).  A  great  variety 
of  woods  are  shipped  from  Africa  under  the  name  "mahogany," 
none  of  which  is  true  mahogany  (STvietenia  tnahagoni).  Its  color 
varies  from  a  pale  straw  to  a  deep  red  and  much  of  it  shows  many 
shades  of  brown.  It  varies  in  hardness  from  a  wood  as  soft  and 
light  as  white  pine  to  a  wood  as  hard  as  maple,  the  softer  wood 
being  of  a  loose,  woolly  texture  while  the  hardwood  is  of  a  more 
compact  and  dense  nature. 

African  mahogany  has  a  much  larger  percentage  of  "figured 
wood"  than  any  other  variety  of  mahogany,  and,  unlike  the  others, 
has  every  type  of  "figure"  common  to  mahogany.  That  this 
wood  presents  a  beautiful  appearance  and  takes  a  high  polish  is 
demonstrated  by  the  fact  that  a  very  large  percentage  of  the  ma- 
hogany veneer  is  furnished  by  the  African  variety.  African 
mahogany  is  known  also  as  "Gaboon  mahogany"  or  "Lagos  ma- 
hogany." Gaboon  mahogany  weighs  about  30  pounds  per  cubic 
foot. 

6.  Spanish  Cedar  or  Mexican  Cedar  (Cedrela  odorata).  This 
tree  grows  in  Mexico,  Cuba  and  the  West  Indies.  It  attains  a 
height  of  from  50  to  80  feet  and  a  diameter  of  from  2  to  5  feet. 
It  is  a  broad-leaved  tree  and  not  a  conifer  as  the  name  "cedar" 
would  imply.  It  is  usually  found  and  cut  with  true  Mahogany. 
The  wood  is  brownish  red,  straight,  even  and  compact;  soft,  fra- 
grant, porous  and  durable.  It  resembles  the  cedar  woods  cut  from 
coniferous  trees  and  also  looks  like  mahogany.    It  is  employed 
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for  fine  cabinet-work  and  may  be  used  in  place  of  mahogany.     It 
is  used,  also,  for  cigar-boxes  and  boats. 

68.  II.  ENGLISH  BROWN  OAK  (Quercus  robur  pedtm- 
culata  or  robur  sessilUlora) .  This  is  called,  also,  "British  oak." 
The  wood  of  this  tree  is  of  the  same  general  character  as  our  own 
white  oak  (Quercus  alba)  except  that  the  color  is  a  clear,  rich 
brown,  varying  from  a  light  to  a  deep,  rich  shade,  frequently  with 
a  variegated  effect.  There  is  little  difference  between  the  two 
species  and  considerable  difficulty  in  distinguishing  between  them. 
The  general  appearance  of  the  wood  is  so  beautiful  and  the  color 
so  peculiar  that  it  cannot  be  imitated  with  any  degree  of  success. 
The  wood  is  hard,  tough,  very  strong  and  not  easily  splintered.  It 
resists  the  action  of  water  and  warps  and  shrinks  in  drying.  The 
logs  are  imported  from  England,  which  is  apparently  the  only  coun- 
try in  which  oak  acquires  this  color;  and  as  the  supply  is  very 
limited  the  cost  is  correspondingly  high.  The  logs  are  very  de- 
fective, liable  to  have  cup-shakes  and  star-shakes  and  to  produce 
lumber  and  veneer  of  small  sizes  only.  The  wood  is  used  for 
cabinet-work  and  interior  finish  in  the  United  States  and  in  Great 
Britain  for  these  and  other  purposes. 

69.  III.  ROSEWOOD  (Dalbergia  nigra).  This  wood  is  de- 
rived from  trees  which  are  native  to  Central  and  South  America 
and  the  West  Indies.  In  color  the  wood  varies  from  dark  red  to 
brown,  striped  with  variegated  brown  and  black  veins.  The  grain 
is  coarse  and  open  but  dense,  the  pores  being  filled  with  black  gum. 
In  weight  the  wood  varies  from  5  to  6  pounds  per  superficial  foot, 
I  inch  thick.  Rosewood  is  best  adapted  to  small  cabinet-work  de- 
tails, turnings,  musical  instruments,  veneers,  etc.  The  raw  wood 
has  a  fragrant  odor  which  disappears  when  it  is  varnished. 

70.  IV.  SATINWOOD  (Chloroxylon  swictenia).  This  tree 
grows  to  a  moderate  size,  is  a  native  of  India  and  Ceylon  and 
belongs  to  the  bead-tree  family  {Meliacecc).  A  similar  tree,  known 
under  the  same  name,  grows  in  the  West  Indies  and  in  Europe  and 
is  called  "Bahama  satinwood."  It  is  the  wood  of  the  prickly  ash 
(Xatithoxylon  fraxineum).  The  wood  is  hard,  of  a  beautiful 
light-yellow  color  and  has  a  rich,  silky  luster.  The  grain  is  close 
and  sometimes  mottled.  The  product  of  this  tree  is  used  in  rela- 
tively small  quantities  for  veneers,  inlay-work  and  small  cabinet- 
work in  general.  The  satinwood  used  in  the  United  States  comes 
principally  from  the  West  Indies. 

71.  V.  TEAK  (Tectona  grandis).  This  tree  is  native  to 
India,  Ceylon,  Burma  and  Siam.  It  grows  to  a  good  size  with  a 
straight  trunk,  often  4  feet  in  diameter  and  100  feet  in  height.  The 
wood  is  straight,  close  and  even-grained,  of  a  variable,  brownish- 
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yellow  color,  moderately  hard,  strong,  easily  worked,  oily  and  fra- 
grant. It  stands  well  and  resists  termites.  Its  chief  virtue  is  that 
it  may  be  placed  in  contact  with  metal  without  corroding  it.  It  is 
imported  largely  and  used  principally  in  the  ship-building  trades 
and  also  for  furniture  and  the  backing  of  armor-plates.  The  dis- 
tinct African  teak  (Oldfieldia  africana),  affords  wood  sometimes 
marketed  as  "African  mahogany"  or  "African  oak."  The  various 
teaks  take  their  names  from  the  districts  producing  them. 
72.     VI.     CIRCASSIAN  WALNUT  (Juglcms  regiaj, 

"Circassian  walnut  yields  one  of  the  best-known  and  most  expensive 
cabinet-woods  in  the  American  and  European  markets.  Botanically,  Circas- 
sian walnut  is  the  same  as  the  so-called  'English  walnut,'  the  latter  name 
being  used  almost  exclusively  by  those  who  grow  the  tree  for  its  nuts; 
while  the  former  is  the  one  generally  applied  to  it  by  manufacturers  and 
other  consumers  of  the  wood.  Of  all  the  common  names  given  it,  English 
walnut  is  the  least  appropriate,  because  the  tree  is  not  a  native  of  England, 
but  was  brought  there  long  ago  from  Asia  and  cultivated.  Obviously,  the 
most  appropriate  name  for  the  tree  is  Circassian  walnut,  since  this  indicates 
at  once  its  true  origin  and  natural  range.  Other  names  applied  to  it  are 
'royal  walnut/  'Italian  walnut'  'European  walnut/  ^French  walnut,'  'Persian 
walnut/  'Austrian  walnut/  'Turkish  walnut'  and  'Russian  walnut.*  In  Italy 
the  tree  is  called  'ancona  auvergne';  in  Persia,  *jaoz/  charmagz'  and  'akrot'; 
in  Greece,  'carua/  'caryon/  'Persicon'  and  'basilikon'  (kingly  tree)  ;  in 
France,  'noyer';  in  Germany,  'englische  Wallnuss*  and  'gemeine  (common) 
Wallnus*;  in  Spain  and  Cuba,  'nogal';  in  South  America,  'nogal/  'nogal 
America'  and  'nogal  comun'."  * 

Adapted  to  a  wide  range  of  soils  and  climatic  conditions,  Cir- 
cassian walnut  is  one  of  the  most  widely  distributed  of  the  com- 
mercial timber-trees.  It  is  native  to  the  eastern  slopes  of  the 
Caucasus  and  extends  eastward  along  the  valleys  and  slopes  of  the 
Hindoo  Koosh  to  the  southern  foothills  of  the  Himalayan  Moun- 
tains, where  it  is  said  to  form  large,  pure  forests.  From  there  it 
extends  southward  to  northern  India  and  into  Burma.  It  is  prob- 
able that  the  species  reaches  its  best  development  in  the  Caucasus 
Mountains.  It  has  been  widely  planted  in  Europe  and  the  United 
States  but  it  is  not  known  when  it  was  first  introduced  into  this 
country.  It  is  grown  here  principally  for  its  nuts,  particularly  on 
the  Pacific  Coast;  but  the  wood  grown  in  the  United  States  is  not 
manufactured  into  lumber  to  any  great  extent. 

Probably  no  other  wood  has  served  so  many  purposes  as  Cir- 
cassian walnut.  Long  before  the  discovery  of  America  it  was  the 
most  popular  of  woods  for  furniture  and  interior  finish  and  later 

•  Extract  from  "Circassian  Walnut/*  U.  S.  Department  of  Agriculture,  Forest  Service, 
Circular  No.   212,  January  25,   1913. 
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for  many  other  purposes,  particularly  gun-stocks.  In  Southern 
Europe  it  is  still  used  locally  for  all  grades  of  furniture.  Its 
present  high  cost,  however,  prohibits  its  use  in  this  country  for  any 
but  the  very  finest  furniture  and  cabinet-work.  The  wood  of  old 
trees  is  prized  on  account  of  its  dark  color  and  beautiful  veining, 
strength,  lightness  and  elasticity.  When  unusually  well  marked  it 
is  one  of  the  most  attractive  and  valuable  of  the  veneer-woods, 
particularly  for  furniture,  the  best  grades  often  bringing  a  higher 
price  than  mahogany,  especially  in  the  United  States.  The  average 
price  paid  for  logs  at  shipping-ports  is  from  $80  to  $100  a  ton,  or 
a  little  more  than  4  cents  a  pound.  Single  trees  containing  choice 
burls,  crotches  or  fine  bird's-eye  effects  have  sold  for  over  $3,000. 
This  high  price  is  caused  by  the  great  difficulties  of  logging  and 
transportation  to  shipping-ports.  The  wood  is  so  heavy  when 
green  that  it  sinks  in  water,  and  cannot,  therefore,  be  floated,  but 
must  be  hauled  over  bad  roads  to  the  place  of  shipment.  Most 
of  the  Circassian  walnut  now  used  comes  from  the  shores  of  the 
Black  Sea  and  from  other  regions  as  far  east  as  Persia  and  India. 

The  United  States  is  believed  to  be  the  greatest  consumer  of 
Circassian  walnut,  especially  of  the  highly  figured  grades.  During 
191 1  the  consumption  was  about  2,500,000  board- feet,  Maryland 
and  Michigan  leading  in  its  use. 

Unlike  most  other  saw-timbers  the  straighter  and  better-formed 
trees  do  not  yield  the  most  highly  prized  quality  of  lumber.  It  is 
usually  the  crooked,  irregular  logs  that  supply  the  most  beautifully 
figured  wood,  such  logs  being  valued  according  to  the  amount  of 
lumber  they  yield. 

Circassian  walnut  weighs  about  45  pounds  per  cubic  foot,  is 
hard  and  compact,  easily  worked  and  split,  moderately  tough  and 
durable  in  contact  with  the  soil.  It  shrinks  very  little  in  seasoning 
and  does  not  crack  or  warp.  The  sap-wood  is  a  pale  fawn-color 
or  almost  white.  The  heart-wood  is  a  dark  chocolate-brown,  often 
shading  from  light  brown  to  black.  Burled  and  other  highly  fig- 
ured forms  of  the  wood  take  a  beautiful  polish.  The  wood  of  trees 
grown  in  poor  upland  and  hilly  soils  has  a  beautiful  fine  grain  and 
texture,  while  that  grown  in  rich  lowland-soils  is  much  coarser 
and  less  beautifully  marked.  The  best  qualities  of  timber  are  ob- 
tained from  vigorous  trees  over  100  years  old,  which  rarely  have 
a  clear  length  of  more  than  12  feet.  The  most  beautifully  veined 
wood  is  in  the  roots  and  burls. 

Although  it  is  usually  easy  for  expert  buyers  to  recognize  true 
Circassian  walnut  in  the  logs,  it  is  often  difficult  to  distinguish  the 
wood  from  some  of  its  substitutes  when  the  latter  have  been  skill- 
fully stained  and  finished.     There  are  many  good  African,  Asian 
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and  South  American  woods  which  are  similar  in  structural  qualities 
to  Circassian  .  walnut,  but  none  possesses  the  magnificent  figure, 
delicate  tones  and  velvety  texture  of  the  true  Circassian  walnut. 
Chief  among  these  is  the  so-called  "satin  walnut,"  "tassel  wood," 
or  red  gum  {Ltquidambar  styraciflua)  of  the  United  States,  which 
has  been  sold  as  Circassian  walnut  for  furniture  and  for  interior 
finish.  Our  native  cotton  gum  (Nyssa  aquatica)  is  another  wood 
occasionally  sold  as  Circassian  walnut.  Other  possible  substitutes 
among  the  true  walnuts  and  related  woods  are,  Caucasian  walnut 
(Pterocarya  caucasia  or  Pterocarya  fraxinifolia),  Japanese  ptero- 
carya  or  sawa-gurumi  {Pterocarya  rhoifolia),  butternut  (Juglans 
cinerea),  Jamaican  or  West  Indian  walnut  (Juglans  insularis)  and 
nogal  (Juglans  australis). 

73.  VII.  BURLS.  "Burl"  is  the  name  given  to  the  wood 
obtained  from  large  excrescences  or  "burrs"  found  on  many  trees 
of  the  walnut  family  in  all  parts  of  Europe,  but  principally  on  those 
growing  in  the  region  of  the  Black  Sea  and  in  Italy.  The  grain  in 
such  growths  is  beautifully  irregular  and  much  prized  for  veneers. 

74.  VIII.  MISCELLANEOUS  IMPORTED  WOODS.  Be- 
sides the  imported  woods  above  enumerated,  there  are  varying 
quantities  of  Boxwood,  Cocobolo,  Lignumvitae,  Lancewood,  Philip- 
pine Walnut  and  many  others,  imported  for  cabinet-work,  mechan- 
ical purposes,  turnings,  etc. 

75.  VENEERS.  There  is  a  long  list  of  domestic  and  foreign 
woods  which  are  used  for  veneers,  built-up-veneer  panels,  etc. 
The  following  is  a  list  of  woods,  with  their  commercial  names,  kept 
in  stock  for  these  purposes,  by  one  firm :  * 

Ash,  brown  Mahogany,  Honduras 

Ash,  white  Mahogany,  Mexican 

Basswood,  Wisconsin  Mahogany,  white 

Birch,  curly  Maple,   bird's-eye 

Birch,  red  Maple,  plain  white 

Birch,  white  Oak,  plain  red 

Cedar  Oak,  plain  white 

Cherry  Oak,  sliced-cut,  quartered 

Chestnut  Pine,  white 

Gum,  Red  Pine,  yellow 

Cypress  Poplar 

Mahogany,   African  Sycamore 

Mahogany,   crotch  Teak 

Mahogany,  Cuban  Walnut,  American 

Mahogany,  East  Indian  Walnut,   Circassian 

Mahogany,  Gaboon  Walnut,  Philippine. 

•  Furnished  by  the  American  Veneer  Company,  Kenilworth,  Union  County,  N.  J. 
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The  development  of  the  veneer-industry  follows  logically  the 
growing  scarcity  and  increasing  cost  of  timber,  as  a  result  of  which, 
economy  in  the  use  of  wood  is  being  practiced  in  many  ways,  one 
way  being  the  substitution  of  thin  for  thick  lumber.  Veneers  were 
formerly  manufactured  from  the  cabinet-woods  exclusively  and 
their  use  was  confined  to  the  covering  of  inferior  woods.  But  while 
this  class  of  veneers  still  forms  an  important  part  of  the  total  product 
of  the  industry,  by  far  the  larger  and  more  rapidly  increasing  part 
IS  made  up  of  veneers  manufactured  from  inferior  hardwoods  and 
a  few  of  the  conifers  and  utilized  as  material  in  the  manufacture  of 
"built-up"  lumber,  packing-boxes,  crates,  barrels,  baskets,  etc. 

Veneers  are  prepared  by  three  processes:  (i)  rotary  cutting, 
(2)  sawing  and  (3)  slicing.  The  first-named  process  (i),  is  the  one 
most  extensively  used,  especially  in  the  case  of  the  cheaper  woods, 
while  (2)  sawing  and  (3)  slicing  are  the  methods  generally  employed 
in  manufacturing  veneers  from  the  more  expensive  cabinet- woods. 
In  the  case  of  birds-eye  maple  and  curly  birch,  however,  the  peculiar 
figure  in  the  grain  is  best  shown  in  tangential  section,  and  the  rotary 
cutting  is  the  process  usually  employed. 

The  making  of  veneers  is,  in  general,  confined  to  sections  of  the 
country  where  suitable  timber  abounds  and  the  kind  of  timber  most 
used  in  each  State  depends,  in  a  measure,  upon  the  prevailing  species 
there.  Thus  red  gum  is  the  principal  timber  used  in  Arkansas,  Il- 
linois, Kentucky,  Missouri,  Tennessee  and  Texas,  in  which  States 
this  wood  is  plentiful ;  yellow  pine  is  the  material  principally  used 
in  Florida  and  Georgia;  maple  in  Michigan,  New  York  and  Penn- 
sylvania; birch  in  Vermont  and  Wisconsin;  and  oak  in  Indiana. 

Several  states,  noticeably  Indiana,  Michigan,  New  York  and  Ohio, 
cover  a  wide  range  of  woods  in  the  manufacture  of  veneers,  due 
largely,  especially  in  the  case  of  New  York,  to  the  utilization  of  tim- 
ber from  other  States  and  of  imported  woods. 

The  thickness  of  most  of  the  (i)  rotary-cut  veneers  are  multi- 
ples of  Me  of  an  inch.  The  amount  of  timber  used  for  veneers 
%  and  9i6  of  an  inch  in  thickness  forms  from  thirty  to  forty  per 
cent  of  the  total  amount  manufactured  by  this  process.  The  (2) 
sawed  or  (3)  sliced  veneers  are,  in  general,  thinner  than  the  (i) 
rotary-cut  veneers.  This  is  shown  by  the  fact  that  in  the  case 
of  the  last-named  process  (i),  the  largest  amount  of  material  used 
in  recent  years  in  making  any  one  thickness  has  been  for  the  %6- 
inch  stock,  while  for  the  other  two  processes,  (2)  and  (3),  the 
greatest  amount  has  been  used  for  the  %o-inch  stock. 

The  following  are  the  thicknesses  of  veneers,  in  fractions  of  an  inch,  made 
by  the  (i)  rotary-cut  process:    ^ie  and  over,  %,  %2,  ^/i  Vi^,  %  %2,  M»  M, 
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H.  Vio.  %2,  Ml.  %8.  M2,  Ms.M4.  Ms,  Me,  Ms.  Ho. ^  ^,  ^  ^  ^^  ^ 
^>  Mi.  M6>  He.  Mo- 

The  following  are  the  thicknesses  of  veneers  in  fractions  erf  an  inch, 
made  by  the  (3)  sawing  or  (3)  slicing  process  fKe  and  over,  M.  H2.  H.  9ie. 
H.  %2.  M,  M.  Mo.  M2.  Ms.  Me.  Ms.  Mo.  M2.  Ha.  Hi.  He.  M>.  Ho.  Hz.  Ma.  Mo. 
Moo.  M10.M20.  M40- 

The  following  is  a  list  of  woods  reported  (1908)  to  be  manu- 
factured into  veneers,  and  taken  from  recent  government  publica- 
tions.* The  woods  are  enumerated  about  in  the  order  of  the 
amounts  of  timber  consumed,  beginning  with  the  largest  amount. 
Of  course  this  order  and  the  amounts  change  from  year  to  year: 

Domestic  Woods. 


1.  Red  gum 

2.  Yellow  pine 

3.  Maple 

4.  Yellow  poplar 

5.  Cottonwood 

6.  White  oak 

7.  Birch 

8.  Tupelo 

9.  Elm 

10.  Basswood 

11.  Beech 


1.  Mahogany 

2.  Spanish  cedar 


12.  Red  oak 

13.  Spruce 

14.  Walnut 

15.  Sycamore 

16.  Ash 

17.  Douglas  fir 

18.  Sugar  pine 
ig.  Chestnut 

20.  Tamarack 

21.  Western  pine 

22.  Hemlock 

Imported  Woods. 

3.  Maple 

4.  Birch 

7.  Satinwood. 


23.  Magnolia 

24.  White  pine 

25.  Buckeye    (Horse 

Chestnut) 

26.  Balsam  fir 

27.  Hickory 

28.  Cypress 

29.  Cedar 

30.  Larch 

31.  Holly 

32.  Cherry 


5.  Beech 

6.  Circassian  walnut. 


Very  small  amounts  are  reported  also  from  a  number  of  other 
woods.     (See,  also,  Art.  235,  Chap  V.) 

76.  MARKET  PRICES  OF  WOODS.  The  price  of  woods 
of  all  kinds  varies  not  only  with  the  locality  but  also  with  the  con- 
ditions of  business  which  affect  the  demand.  The  average  "mill- 
value"  of  lumber  of  different  kinds  varies  from  year  to  year ;  but  it 
may  be  said  that,  with  the  exception  of  a  drop  in  values  following  a 
business-depression,  the  tendency  is  for  the  average  value  to  steadily 
increase.  For  example,  lumber-values  advanced  considerably  be- 
tween 1899  and  1907.  The  average  mill-value  of  all  kinds  of  lum- 
ber in  1899,  amounting  to  $11.13  per  thousand  feet,  was  less  than 
that  of  the  cheapest  lumber  reported  in  1910,  while  the  average 
amount  paid  for  lumber  at  the  mill  in  1910,  namely,  $15.30,  would 

*  "Forest    Products    of    tbe    United    States,*'    Department    of    Commerce    and    Labor, 
Bureau  of  the  Census,  1908. 
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have  been  more  than  sufficient  in  1899  to  purchase  at  mill-vaktes 
nearly  any  commercial  wood  cut  in  the  United  States,  except  walnut 
and  hickory. 

The  spruce  and  hemlock-manufacturers  and  the  Pacific-Coast 
lumbermen  appear  to  have  practically  uniform  prices  for  their  woods. 
For  cypress  and  certain  varieties  of  pine  there  appear  to  be  fairly 
uniform  prices  also ;  but  for  practically  all  hardwoods,  such  as  ash, 
basswood,  birch,  chestnut,  gum,  hickory,  oak,  poplar,  etc.,  there 
seems  to  be  no  uniform  range  of  prices.  Even  for  cypress,  hem- 
lock, pine  and  spruce  there  are  so  many  mills  outside  the  large 
groups  of  lumber-manufacturers,  that  a  considerable  range  of  prices 
obtains  at  all  times  and  there  is  always  a  healthy  competition.  For 
example,  genuine  red  cypress,  well  manufactured  and  from  mills 
operating  in  the  same  section  as  that  in  which  some  of  the  largest 
cypress-mills  operate,  may  be  bought  and  sold  in  New  York  at 
prices  equal  to  those  of  the  larger  manufacturers  and  in  many  cases 
below  their  figures. 

The  following  prices  should  be  considered  as  comparative,  al- 
though they  represent,  generally,  correct  average  values  in  many 
cases.  They  are  the  average  prices  at  which  carpenters  or  other 
consumers  of  woods  can  buy  them  in  small  quantities  at  the  yards. 
The  retail-yards  usually  add  about  25  per  cent  to  the  wholesale- 
price.  The  yards  generally  keep  lumber  on  hand  some  time,  getting 
it  into  good  condition  for  working  or  kiln-drying  it,  and  they  gener- 
ally figure  about  15  per  cent  expense  and  10  per  cent  profit,  or  a 
total  of  25  per  cent,  in  passing  it  on  to  the  user. 

The  figures  for  the  hardwoods  include  quite  a  range  and  are  sup- 
posed to  include  the  various  grades  of  such  woods.  Of  course  a 
complete  list  would  require  at  least  a  page  for  each  of  the  several 
woods  in  order  to  include  the  prices  for  the  various  thicknesses  and 
grades  and  also  for  the  extra  lengths.  This  would  be  beyond  the 
scope  of  this  article,  which  is  to  give  an  approximate  idea,  only,  of 
the  retail  market-prices  of  several  kinds  of  woods  largely  used  in 
building-construction  and  finish. 

Framing-timber,  For  medium  sizes,  per  thousand  feet,  in  lengths  not 
over  16  feet:  hemlock,  $27,  New  York;  $22,  Chicago;  spruce,  $30,  New  York. 
For  large  sizes,  in  lengths  over  16  feet,  from  $2  to  $4  a  thousand  more. 

Long-leaf  yellow  pine:  $30  to  $31,  New  York;  $32  to  $33,  Boston;  $28  to 
$30,  Philadelphia;  $26,  Chicago;  $30,  Kansas  City;  $35,  Denver;  and  $20 
to  $30,  New  Orleans. 

Outside  Finish.  White  pine :  $30  to  $120  per  thousand,  according  to  qual- 
ity; $75,  average  for  Chicago. 

Wbitewood  or  yellow  poplar,  cast  of  the  Rocky  Mountains:  from  $30  to 

$7S 
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Cypress:  $30  to  $60,  New  Orleans. 

Redwood  boards,  best  quality:  $50,  per  thousand,  Denver. 

Framing-timber  and  inside  finish,  San  Francisco,  Cal.  Douglas  fir,  for 
framing-timber,  medium  lengths,  $17  per  thousand  feet;  Douglas  fir  for 
finish-work,  not  kiln-dried,  $40;  redwood,  rough,  common,  up  to  20  feet  in 
length,  $24;  redwood,  clear,  up  to  20  feet  in  length,  $35;  spruce,  common, 
$20;  spruce,  milled  and  clear,  $45;  sugar  pine,  clean,  i  inch  by  12  inches,  $87, 
milled,  $90;  cedar,  i  inch  by  12  inches,  clear  and  milled,  $70;  redwood  boards, 
best  quality,  milled,  not  kiln-dried,  $45. 

Framing-timber  and  inside  finish,  New  Orleans,  La,  Pine  framing,  (if 
long-leaf  pin  is  insistd  upon,  add  about  $2  per  thousand)  :  2  by  4,  2  by  6, 

2  by  8  and  2  by  10  inches,  up  to  20  feet  in  length,  $18  to  $24;  3  by  4. 
4  by  6  and  6  by  8-inch  sizes  of  above,  about  the  same  price;  for  12-inch 
sizes,  add  $2  per  thousand  and  $1  per  thousand  for  each  inch  over  12  inches ; 
add  $1  per  lineal  foot  per  thousand  for  lengths  over  20  feet;  floorings  and 
ceilings,  $26,  $31  and  $45. 

The  above  applies  to  the  ordinary  "house-bill."  Far  "A"  grade,  or  practic- 
ally perfect  stock  of  any  of  the  material  referred  to,  the  price  varies,  but 
runs  from  $35  to  $58  per  thousand  feet 

Cypress  framing  is  little  used  and  the  price  runs  25  per  cent  more  than 
for  the  same  dimensions  in  pine.  Cypress-finish  stock:  this  varies  from 
$25  for  stock  that  will  cut  about  50  per  cent  fair  material,  to  $60  for  perfect 
cornice  or  interior-finish  material.  For  widths  over  12  inches  add  $5  per 
inch  per  thousand. 

Inside  finish.  Hardwood,  New  York  prices :  mahogany,  14  to  18  cents  per 
foot;  white  mahogany,  18  to  20  cents;  red  birch,  3  to  6  cents;  cherry,  8  to 
12  cents;  oak,  quartered,  6  to  11  cents;  black  walnut,  6  to  12  cents;  maple, 

3  to  5  cents;  ash,  3%  to  8  cents;  English  brown  oak,  imported,  satinwood, 
and  Circassian  walnut,  about  50  cents  per  square  foot  each. 

Hardwoods,  San  Francisco  prices:  mahogany,  25;  oak,  quartered,  14;  ash, 
13;  red  birch,  13;  eastern  red  gum,  13  cents  per  square  foot.  Hardwood 
prices  are  practically  uniform  along  the  Pacific  Coast,  as  at  present  all  hard- 
woods have  to  be  imparted  from  the  East.  California,  however,  will  soon 
be  placing  on  the  market  a  supply  of  eucalyptus. 
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Wooden  Framing.    Ordinary  Con- 
struction, 


I.    FRAMING-DRAWINGS  AND  FRAMING-TIMBER. 

77.  RELATION  OF  DRAWINGS  TO  WORK.  Although  it 
is  not  necessary  for  the  architect,  draughtsman  or  superintendent  to 
be  able  to  lay  out  the  frame  of  a  building,  cut  the  timber  and  put  it 
together,  it  is  necessary  for  him  to  know  thoroughly  how  these 
things  should  be  done  and  how  all  the  joints  or  connections  should 
be  made,  as  otherwise  he  can  not  be  sure  that  the  work  is  being 
properly  executed. 

In  the  Eastern  States  it  is  the  custom  of  some  architects  to  show 
the  complete  framing  of  wooden  buildings  by  a  separate  set  of 
drawings,  and  to  make  separate  framing-plans  for  the  floors  and 
roofs  of  brick  buildings ;  but  in  the  West  the  framing  is  often  left 
to  the  care  of  the  builder,  the  sizes  of  the  timber  being  specified  and 
the  direction  the  floor-joists  are  to  run  being  indicated  by  dotted 
lines  on  the  plans.  The  use  of  this  latter  method  should  be  dis- 
couraged, as  it  is  much  better  for  all  concerned  to  have  a  complete 
set  of  framing-plans  furnished  by  the  architect. 

The  young  practitioner  should  bear  in  mind  also,  that  the  courts 
invariably  hold  the  architect  responsible  for  the  safety  of  the  build- 
ing, as  far  as  it  depends  upon  the  plans  and  specifications,  and, 
therefore,  that  nothing  of  importance  should  be  left  to  the  discretion 
of  the  contractor,  unless  perchance  he  is  one  in  which  the  utmost 
confidence  may  he  placed. 

78.  FRAMING-TIMBER.  Technical  Terms.  To  design  the 
framing  of  a  building  in  a  practical  and  economical  manner,  it  is 
necessary  for  the  architect  or  draughtsman  to  be  familiar  with  the 
kinds  of  wood  used  for  framing  in  the  locality  in  which  the  building 
is  to  be  constructed,  with  their  relative  cost,  and  also  with  the  com- 
mercial sizes  to  which  lumber  is  sawed.  Information  on  these 
points  is  given  in  Arts.  20,  28,  29  and  76,  but  it  should  be  supple- 
mented by  inquiries  of  local  contractors  or  lumber-merchants. 

The  various  pieces  of  timber  used  in  framing  buildings  have  dis- 
tinguishing ^names  with  which,  also,  it  is  necessary  to  be  familiar. 
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Thus  the  small  beams  which  directly  support  the  flooring  are  often 
called  "joists,"  *  the  pieces  which  support  the  roof-boarding  are 
called  "rafters"  and  the  uprights  in  a  wooden  wall  or  partition, 
"studding"  or  "studs."  Beams  which  support  the  floor-joists  be- 
tween walls  or  partitions  are  called  "girders,"  and  similar  beams 
under  the  rafters  of  a  pitched  roof  are  called  "purlins."  Small 
timbers,  the  cross-sections  of  which  are  2  by  4,  2  by  6,  3  by  4,  4  by 
4  inches,  etc.,  are  sometimes  called  "scantlings."  Pieces  4  by  6 
inches  and  over  in  cross-section  are  almost  always  called  "timbers." 
There  are  various  other  names,  also,  for  timbers  used  in  special 
positions,  which  will  be  mentioned  in  describing  the  construction 
of  which  they  form  a  part.  (See,  also,  Arts.  20,  22,  28,  29,  79  and 
102,  etc.) 

79.  FRAMING-TIMBER.  Sises.  Floor-joists,  rafters  and 
studs  are  commonly  made  2  inches  thick,  the  depth  depending 
upon  the  span  of  the  joists  or  rafters  and  upon  the  height  of  the 
studding. 

As  the  strength  of  a  rectangular  beam  varies  directly  as  the  square 
of  the  depth  and  only  directly  as  the  breadth,  a  deep  beam  is  more 
economical  of  material  than  a  thick  one.  Thus,  for  the  same  span, 
a  2  by  lo-inch  joist  has  about  the  same  strength  as  a  3  by  8-inch 
or  5^  by  6-inch  beam;  but  it  contains  less  lumber.  The  deeper 
beam  is  also  much  stiffer,  the  stiffness  varying  directly  as  the  cube 
of  the  depth;  so  that  a  2  by  lo-inch  joist  and  a  ^H  by  8-inch  beam 
have  about  the  same  stiffness,  other  conditions  being  equal,  although 
the  latter  contains  55  per  cent  more  lumber  than  the  former.  When 
the  depth  of  a  joist  exceeds  12  inches,  however,  the  thickness  should 
be  increased  to  2j^  or  3  inches,  as  a  2  by  14-inch  joist  is  liable  to  fail 
by  buckling  sidewise. 

Large  timbers  are  generally  made  more  nearly  square  in  cross- 
section,  for  the  reason  that  it  is  difficult  in  most  woods  to  get  a 
great  depth  with  a  6  or  8-inch  thickness.  Hence,  for  girders  and 
purlins,  8  by  10,  10  by  12  and  12  by  14  inches  are  common  sizes ;  and 
16  by  20,  18  by  22,  20  by  24-inch,  etc.,  and  several  sizes  of  square 
timbers  are  sometimes  used  in  heavy  construction,  although  the 
larger  timbers,  except  in  Douglas  fir,  are  difficult  to  obtain  in  long 
lengths.  Posts,  on  the  other  hand,  should  be  either  circular  or  as 
nearly  square  in  cross-section  as  the  conditions  will  permit,  posts 
with  a  square  cross-section  being  the  most  economical  for  timber. 
(See,  also,  Arts.  20,  22,  28,  29,  78,  etc.) 

•  The  New  York  City  and  some  other  Building  Laws  do  not  use  the  term  "joists."     All 
secondary  timbers  supporting  flooring  are  called  "floor-beams." 
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2.    OUTSIDE  WALLS  OF  WOODEN  BUILDINGS.* 

80.  THE  BRACED  OR  FULL  FRAME.  In  the  framing  of 
the  walls  of  wooden  buildings,  three  methods  may  be  followed :  ( I ) 
the  braced  frame  or  full  frame,  (2)  the  balloon  frame  and 
(3)  the  combination  frame.  The  first  is  sometimes  described 
as  the  "old-fashioned  framing." 

The  braced  frame  or  "full  frame,"  as  it  is  sometimes  called,  was  the 
only  kind  in  vogue  previous  to  about  the  year  1850.  In  this  method 
of  framing,  the  sills,  posts,  girts  and  plates  are  made  of  heavy  tim- 
bers, all  mortised  and  pinned  together  and  also  braced  by  4  by  4  or  4 
by  6-inch  timbers,  mortised  and  pinned  to  posts,  sills  and  girts.  The 
common  studding  is  also  mortised  to  the  sills,  girts  and  plates.  To 
frame  a  building  in  this  way  it  is  necessary  to  make  all  the  mortise- 
holes  and  to  cut  all  the  pieces  while  the  latter  are  on  the  ground,  and 
then,  after  they  are  fitted  together,  to  raise  a  whole  side  or  at  least 
one  story  of  it,  at  one  operation. 

In  colonial  days  the  posts  and  girts  were  often  made  of  hewn 
timbers  8  and  10  inches  square  in  cross-section,  so  that  they  pro- 
jected into  the  rooms;  and  it  required  a  great  many  men  to  raise 
the  walls  when  the  fitting  was  completed. 

The  braced  frame,  when  carefully  fitted  and  pinned,  is  very  sub- 
stantial and  is  much  more  slow-burning  than  the  balloon  frame. 
Vermin  cannot  go  through  the  walls  from  one  story  to  another.  It 
is  also  very  difficult  to  "rack"  such  a  frame;  and  unless  all  posts 
are  plumb  and  parallel  the  braces  will  not  fit. 

Fig.  29  f  is  a  typical  braced  frame,  "mortise-and-tenon  frame" 
or  "full  frame,"  shown  in  section,  isometric  perspective  and  eleva- 
tion. Fig.  30  J  shows  another  type  of  braced  frame  in  which  the 
ledger-board,  ribbon  or  false  girt  is  used  for  the  upper  tier  of  joists. 
This  illustration  shows,  also,  the  relation  between  the  wall-framing 
and  the  floor-construction,  the  lath  and  plaster,  window-frames, 
casings,  ceiling-furring,  base-board,  outside  sheathing,  brick  fire- 
stop,  etc.  The  frame  is  shown  in  isometric  perspective,  looking  out ; 
in  elevation  from  the  outside;  and  in  section. 

81.  THE  BALLOON  FRAME.  In  this  method  the  frame  is 
composed  of  much  lighter  pieces,  is  more  quickly  erected  and  costs 


*  See,  also.  Arts.   334  to  336,  Chap.  VI,  for  nails,  spikes,  bolts,  etc.,   used. 

t  The  drawings  for  this  a-nd  for  several  other  figures  illustrating  approved  methods  of 
carpentry-construction  were  adapted  by  permission  from  the  set  of  plates  designed  by 
Professor  Charles  P.  Warren  of  Columbia  University. 

t  The  drawings  for  this  and  for  several  other  figures  illustrating  approved  methods  of 
carpentry-construction  were  adapted  by  permission  from  the  set  of  plates,  entitled  ''Con- 
stuction  Details,"  designed  by  Professor  F.  W.  Chandler,  of  the  MassachusctU  Institute 
of  Technology. 
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less  than  the  braced  frame.  The  method  of  procedure  in  erecting  a 
balloon  frame  is  first  to  lay  the  sill,  which  is  generally  4  by  6  inches, 
in  section,  halved  together  at  the  angles.    After  the  floor  is  laid. 


the  corner-posts,  which  are  generally  4  by  6  inches,  although  some- 
times 4  by  4  inches,  are  set  up  and  secured  temporarily  in  place  by 
means  of  "stay-laths,"  or  pieces  of  boards  nailed  diagonally  to  posts 
and  sills.    The  common  or  filling-in  studds  are  then  set  up,  with 
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Fig.  3a>     Braced  Fru 
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their  lower  ends  spiked  to  the  sills,  and  stayed  in  place  by  boards 
temporarily  nailed  across  them  on  the  inside.  The  filling-in  studs 
extend  the  whole  height  from 
eills  to  plates,  and  the  outside 
ends  of  the  second- floor  joists 
are  supported  on  i  by  7-inch 
boards,  called  "false  girts"  or 
"ribbons,"  notched  into  the  inside 
faces  of  the  studs  at  the  proper 
height.  The  ends  of  the  joists 
are  also  placed  against  the  studs, 
whenever  practicable,  and  spiked 
to  them. 

After  the  second-story  flooring 
is  framed  the  upper  ends  of  the 
studs  are  cut  to  a  horizontal  line 
and  a  2  by  4-inch  piece  spiked  on 
top,  and  then  another  2  by  4-inch 
piece  on  fop  of  that,  the  two 
pieces  always  breaking  joint.  If 
the  common  studs  come  in 
lengths  that  will  not  reach  to  the 
plates  they  are  sometimes  spliced 
out  with  short  pieces  set  on  top 
of  the  short  lengths  and  the  joints 
are  "fished"  by  nailing  short 
boards  on  two  sides. 

Fig.  31  shows  a  portion  of  the 
framework  of  a  two-story  house 
constructed  in  the  manner  de- 
scribed above.  In  the  better 
class  of  buildings  the  frame  is 
braced  at  the  comers  by  means  of 
Fig.  31.   Balloon  Fume.  I   by  6-inch  boards,  let  in  flush 

on  the  outside  of  the  studding 
and  nailed  at  each  intersection  with  two  or  three  tenpenny  nails,  as 
shown  in  the  figure.  In  many  cheap  buildings  these  braces  are 
omitted,  but  unless  the  sheathing  is  put  on  diagonally  they  should 
always  he  used.  In  the  balloon  frame  the  timbers  are  held  together 
entirely  by  nails  and  spikes,  thus  permitting  the  frame  to  be  rapidly 
put  up.  For  the  timbers  and  studding  thirtypenny  and  twenty- 
penny  spikes  should  he  used,  and  for  the  i-inch  stuff  tenpenny 
nails.  Cut  nails  are  to  be  preferred,  as  they  hold  better  than  wire 
nails. 
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In  both  methods  of  framing  the  studding  is  doubled  on  each  side 
of  the  window  and  door-openings.  In  the  balloon  frame  it  is  nec- 
essary to  have  the  double  studs  extend  the  full  height  of  the  wall,  and 


hence  it  is  desirable  to  have  the  windows  in  the  second  story  directly 
over  those  in  the  first  story.  In  the  braced  or  full  frame,  however, 
the  common  studs  extend  the  height  of  one  story  only,  and  the 
location  of  an  opening,  therefore,  affects  the  construction  but  little. 
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The  balloon  frame  is  much  cheaper  than  the  braced  frame ;  and 
as  it  is  concealed  when  the  house  is  sheathed  and  plastered,  balloon 
framing  is  generally  employed  for  houses  built  to  sell,  and  is  the 


method  in  vogue  in  many  parts  of  the  United  States,  especially  in 
the  Northwest.  A  frame  of  this  kind,  however,  is  less  rigid  than 
the  braced  frame  and  is  more  quickly  consumed  by  fire. 
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Fig.  32  shows  a  method  of  balloon  framing  much  used  in  the 
Western  States.  The  frame  is  composed  of  small  timbers,  nothing 
larger  than  2  by  4  inches  in  cross-section  being  used  for  the  up- 
rights, and  al!  being  spiked  together  without  special  framing.  The 
studs  run  from  sill  to  plate  and  are  toe-nailed  to  both.  The  sills  rest 
on  the  joists.  In  the  best  examples  the  braces  are  notched  in  at 
the  comers  as  showtL    The  sheathing  is  put  on  diagonally  in  all 


cases.  The  drawings  shown  in  Fig.  32  include  an  isometric  perspec- 
tive of  the  corner,  viewed  from  the  outside ;  an  outside  elevation ;  and 
a  section  and  elevation  from  the  inside,  showing  the  diagonal 
sheathing.  Fig.  33  shows  the  New  England  method  of  balloon 
framing.  This  differs  from  the  Western  method  in  that  the  sills, 
posts  and  plates  are  of  dimension  timbers.  In  all  other  respects  it  is 
the  same.  It  differs  from  the  frame  shown  in  Fig,  31  in  the  man- 
ner of  corner-bracing,  formation  of  plates,  etc. 
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82.  THE  COMBINATION  FRAME.  The  better  class  of 
wooden  buildings  are  now  framed  by  combining  the  balloon  and  the 
braced  or  full-frame  methods.  The  braced  frame  is  adopted  as  far 
as  the  sills,  posts,  girts  and  braces  are  concerned,  but  the  c 


studding  is  generally  mortised  at  the  lower  end  only  and  spiked  at 
the  upper  end,  and  the  plate  is  generally  made  of  two  thicknesses 
of  2  by  4  or  2  by  6-inch  planks  spiked  to  the  top  of  the  studding  and 
breaking  joint. 

An  example  of  this  method  of  framing  is  shown  in  Figs.  34  and 
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35,  which  were  taken  from  the  framing-drawings  of  a  building 
erected  in  the  suburbs  of  Boston. 

Within  the  Hmits  of  that  city  (outside  of  the  fire-limits)  this 
method  of  framing  was  formerly  required  by  law.  The  building 
ordinance  now  reads : 

Every  wooden  building  hereafter  erected  or  altered  shall  have  all  its 
parts  of  sufficient  strength  to  carry  the  weight  of  the  superstructure;  shall 
be  built  with  sills,  posts,  girts,  studs  and  plates,  properly  framed,  mortised, 
tenoned,  braced  and  pinned  in  each  story;  or  with  a  balloon  frame.  The 
posts  and  girts  shall  be  not  less  than  4  by  6  inches  in  cross-section,  and  the 
studs  shall  be  not  more  than  20  inches  apart 

The  balloon  frame  is  now  allowed,  but  in  the  opinion  of  the  au- 
thor the  combination  or  braced  frame  should  be  employed  for  all 
large  buildings  and  for  the  better  class  of  dwellings. 

3.    FRAMING-DETAILS  AND  DIMENSIONS.* 

83.  SILLS.  Where  the  sills  rest  on  brick  or  stone  walls,  and 
the  cellar-openings  are  narrow,  a  6  by  6-inch  sill  answers  very  well ; 
but  if  the  sills  rest  on  posts,  or  if  there  are  wide  openings  beneath, 
they  must  have  sufficient  strength  to  support  the  walls  and  floors 
above  the  openings.  It  should  be  remembered,  also,  that  in  this 
method  of  framing  a  good  deal  of  the  sill  is  cut  away  by  mortising, 

as  shown  in  Fig.  36,  thereby 
greatly  lessening  its  strength. 
In  all  large  or  heavy  build- 
ings the  sill  should  be  at 
least  6  by  8  inches  and  laid 
with  the  broad  side  on  the 
wall. 

The  sills  should  always  be 
imbedded  in  cement  mortar 
and  should  be  set  in,  at  least 
I  inch,  from  the  outside  face 
of  the  wall.  They  should  be 
halved  and  pinned  at  the  angles  f  and  wherever  splices  occur,  but 
when  practicable  they  should  be  in  one  length  from  angle  to 
angle;  and  they  should,  of  course,  extend  all  around  the  house.  In 
commencing  the  frame  of  a  wooden  building  the  sills  are  the  first 
timbers  to  be  cut  and  put  in  place. 

If  the  basement  is  5  feet  or  more  above  grade,  the  sills  should 
be  bolted  to  the  masonry  with  J^-inch  bolts  30  inches  in  length. 

*  See,  also,  Arts.  20  and  22,  Chap.  I. 

t  In  New  England  the  sills  are  often  mortised  and  tenoned  at  the  angles,  but  it  is 
doubtful  if  any  particular  advantage  is  gained  thereby  unless  the  sills  are  very  large. 


Fig.   36.     Mortising   Sills  for    Studs. 
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These  bolts  should  be  solidly  bedded  in  the  wall,  extended  through 
the  sill  and  each  furnished  with  a  nut  turned  up  tight.  The  sills 
of  buildings  of  which  the  first  story  is  of  brick  or  stone  should  be 
secured  in  the  same  way. 
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Fig.  37.    Posts  and  Girts. 


84.  STUDDING.  For  frame  buildings  of  medium  size  2  by  4- 
inch  studding  is  almost  invariably  used ;  for  frame  churches,  schools, 
commencing  the  frame  of  a  wooden  building  the  sills  are  the  first 
etc.,  2  by  5  or  2  by  6-inch  studding  should  be  used.  In  the  cheaper 
class  of  buildings  the  studs    are  generally  set  16  inches  on  centers, 
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but  a  much  better  building  is  obtained  if  the  spacing  is  made  12 
inches.  All  studs  for  buildings  that  are  to  be  plastered  should  be 
sized  to  a  uniform  width  by  passing  them  through  a  planer.  The 
lower  end  of  the  studs  should  be  mortised  into  the  sills,  as  shown 
at  A  or  at  B,  Fig.  36.  The  latter  method  is  the  better  of  the  two 
and  should  always  be  used  for  5-inch  or  6-inch  studding. 

85.     POSTS,  GIRTS  AND  BRACES.     One  dimension  of  these 
pieces  is  always  governed  by  the  width  of  the  studding.     When  4- 
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Fig.  38.     Posts,  Girts  and  Braces. 

inch  studding  is  used  the  posts  may  be  4  by  6  or  4  by  8  inches,  the 
girts  4  by  8  inches  and  the  braces  3  by  4  inches  in  cross-section. 
For  wider  studding  the  thickness  of  the  posts  and  girts  must  be  the 
same  as  the  width  of  the  studding.  The  posts  at  interior  angles 
should  always  be  2  inches  wider  in  one  dimension  than  in  the  other  to 
leave  nailing-space  for  the  sheathing. 

Figs.  37  and  38  show  various  details  of  the  framing  of  posts  and 
girts  in  a  braced-frame  construction.  Fig.  39  shows  the  plan,  eleva- 
tion and  isometric  perspective  of  the  ledger-board  or  false  girt  used 
with  the  balloon  frame.  The  joists  should  be  notched  over  the  led- 
ger-board as  shown,  but  this  detail  is  often  omitted. 
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The  connection  of  the  girts  with  the  posts  *  should  be  made  as 
shown  in  Fig.  40,  and  the  braces  should  be  mortised  and  pinned  as 
shown  in  Fig.  41.  although  they  are  too  often  merely  spiked.    All 
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Fig.    40.    Connection    of 
Girt  with  Post. 


Fig.  41.     Connection  of 
Brace  with   Post. 


pins  used  in  framing  should  be 
made  of  some  hardwood  and 
should  be  J^  of  an  inch  in 
diameter  for  girts  and  }i  of  an 
inch  for  braces. 

When  the  attic-floor  joists 
come  a  short  distance  below  the 
plates  they  are  usually  sup- 
ported on  I  by  7-inch  boards, 
called  "ledger-boards,"  "rib- 
bons" or  "false  girts,"  let  into 
the  studding  as  shown  in  Fig. 
35.  When  there  is  a  wide 
opening  in  the  second  story, 
however,  a  solid  girt  must,  be 
substituted,  as  shown  in  Fig.  34, 
to  provide  sufficient  strength  to 
support    the     floor    and     roof. 


Where  there  is  room,  it  is  advisable  to  truss  over  all  openings  ex- 
ceeding 4  feet  in  width. 

86.     PLATES.     If  the  attic  joists  rest  on  top  of  the  plate,  the 
latter  cannot  be  wider  than  the  studs  unless  it  projects  on  the  out- 
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side;  but  if  the  plate  is  above  the  attic  joists,  as  in  Fig.  35,  a  wider 
plate  may  be  used,  as  for  example,  a  4  by  6-inch  plate.  The  wider 
the  plate  the  greater  the  resistance  offered  to  the  thrust  of  the  rafters 
and  to  the  consequent  springing  of  the  wall.  Whatever  size  is  used, 
it  is  better  to  build  up  the  plate  with  pieces  2  inches  thick,  spiked  to- 
gether, rather  than  to  use  solid  timber,  as  a  built-up  plate  warps  or 
twists  less,  can  be  more  strongly  spiked  and  have  its  joints  more 
firmly  spliced.  (See,  also,  Figs.  238,  239,  243  to  246,  253,  255,  259 
to  261,  264,  266  and  268.) 

87.  FRAMING-DRAWINGS.  The  framing  of  the  outside 
walls  of  a  wooden  building  is  generally  indicated  by  a  set  of  eleva- 
tion-drawings showing  each  side  of  the  building  in  the  manner  illus- 
trated in  Fig.  34.  In  making  these  drawings  the  draughtsman  will 
find  that  the  work  can  be  more  easily  and  quickly  done  by  drawing 
them  on  the  dull  side  of  tracing-cloth  or  paper  laid  over  the  finished 
elevations.  The  sills,  posts,  girts  and  plates  should  be  drawn  first, 
then  the  studding  which  frames  the  door  and  window-openings,  next 
the  braces  and  lastly  the  filling-in  studs.  The  latter  are  often  indi- 
cated by  a  series  of  single  lines. 

The  sizes  of  all  special  timbers  and  the  centers  of  all  openings 
should  be  carefully  marked  on  the  drawings.  The  sizes  and  heights 
of  the  window-openings  are  best  designated  by  giving  the  sizes  of 
the  lights  of  glass  and  the  heights  above  the  floor  of  the  finished 
stools  as  shown  in  Fig.  34.  The  heights,  also,  of  the  plates  and 
girts  and  the  pitches  of  the  roofs  in  terms  of  rise  to  run,  should  be 
correctly  given. 

In  locating  a  brace  it  should  be  remembered  that  it  is  most  ef- 
fective when  at  an  angle  of  45  degrees,  and  that  it  should  be  con- 
nected with  the  post  at  a  height  above  the  floor  varying  from  one- 
third  to  one-half  the  height  of  the  story.  Every  dimension  necessary 
for  the  complete  construction  of  the  frame  should  be  found  on  the 
framing-drawings. 

No  drawings  made  by  the  architect  require  greater  thought  and 
exactness  than  the  framing-plans,  for  upon  them  depends  the  proper 
construction  of  the  building  and  often  also,  its  safety;  and,  more- 
over, any  error  in  the  figures  generally  leads  to  considerable  expense 
through  waste  of  material  and  labor,  for  which  expense  the  architect 
is  in  most  cases  responsible. 

4.    FLOOR-CONSTRUCTION.* 

88.  FLOORS  OF  WOODEN  BUILDINGS.  The  floors  of 
wooden  buildings  are  usually  constructed  of  2-inch  planks  called 

*  See,  alio.  Art.  448,  Chap.  VII. 
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"joists"  or  "floor-beams,"  which  are  set  on  edge  and  spaced  either 
12  or  i6  inches  apart  on  centers.  The  outer  ends  of  these  joists  are 
supported,  in  the  first  story,  by  the  sills  and  the  inner  ends  by  wooden 
girders  or  brick  walls,  the  girders  or  walls  being  generally  placed 
directly  under  the  "bearing  partitions"  of  the  first  story. 

The  outer  ends  of  the  second-story  joists  are  supported  by  the 
girts,  as  shown  in  Figs.  31  and  35,  and  the  inner  ends  by  the  interior 
partitions. 

The  outer  ends  of  the  attic-floor  joists  may  rest  either  directly  on 
the  wall-plates,  as  shown  in  Fig.  31,  or  on  false  girts,  as  shown 
in  Fig.  35,  depending  upon  the  design  of  the  framing.  The  inner 
ends  of  the  attic-floor  joists  are  supported  by  the  second-story  par- 
titions. In  a  one-and-a-half -story  house  the  attic  joists  are  supported 
at  their  outer  ends  by  being  spiked  to  the  sides  of  the  rafters. 

1.  Sizing  and  Crowning  Floor-Joists.  The  first  step  toward 
framing  the  floors  is  the  sizing  and  crowning  of  the  floor-joists.  For 
spans  of  16  feet  or  over  all  floor-joists  should  be  "crowned,"  that  is, 
the  top  should  be  dressed  to  the  arc  of  a  circle,  with  a  rise  of  %.  of  an 
inch  in  the  center  for  every  16  feet  of  span.  This  must  be  done 
by  hand  with  a  hatchet  and  plane.  The  ends  of  the  joists  are 
"sized"  by  machinery  so  that  the  distance  from  the  bearing  to  the 
top  of  the  joists  will  be  the  same  in  each,  thus  insuring  an  even 
surface  on  top.  Ordinary  timbers  often  vary  from  ^  to  J4  of  an 
inch  in  width,  and  if  they  are  not  sized  at  the  ends,  when  they  are 
set  in  place,  their  upper  surfaces  will  not  be  in  the  same  plane.  The 
object  of  the  crowning  of  joists  is  to  oflFset  their  inevitable  deflection 
or  sagging  and  to  thus  secure  a  level  floor. 

In  the  Eastern  States  the  under  side  of  the  floor-joists  is  almost 
always  cross-furred  with  iJ/^-inch  strips,  so  that  any  irregularity  in 
the  depth  of  the  joists  is  easily  neutralized.  In  many  of  the  West- 
ern States,  however,  this  is  very  seldom,  if  ever,  done,  and  all  the 
joists,  if  not  already  in  that  condition,  have  to  be  dressed  to  a  uni- 
form width.  A  little  irregularity  in  a  ceiling  can  be  made  to  dis- 
appear in  the  plastering. 

2.  Spacing  of  Floor-Joists.  This  should  not  exceed  16  inches, 
measured  from  center  to  center,  and  where  the  ceilings  are  not 
furred,  it  is  better  to  space  them  12  inches  on  centers.  (See,  also, 
Arts.  20,  22,  94  and  102.) 

89.  DETAILS  OF  FLOOR-FRAMING,  i.  Framing  of 
Joists  to  Sills.  The  connection  of  the  floor-joists  to  the  sills  should 
be  such  that  the  sills  will  support  the  joists  without  weakening  either 
more  than  absolutely  necessary ;  then  if  the  foundation-walls  settle, 
the  joists  will  not  move  unless  the  sills  move  also.  The  ideal  con- 
nection of  joists  to  sills  is  made  by  hanging  the  joists  in  "Goetz"  or 
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"Duplex"  hangers,  as  shown  in  Fig.  42.  In  this  construction  the  full 
strength  of  each  joist  and  sill  is  retained,  each  joist  being  secured 
to  the  sill  and  also  suspended  from  it. 

The  next  best  method,  and  the  one  more  generally  employed,  is 


Fig.  43.  Con1mo^ 
Method  of  Fram< 
ing  Joists  to  Sills. 


Fig.  42.     Ideal  Method  of  Framing  Joists  to  Sills. 


Fig.   44.     Cuttiiu^   Ends   of  Joists 
in  Cheap  Construction. 


Fig.  45.     Cutting  Ends  of  Floor- Joists. 


shown  in  Fig.  43.  In  cheap  buildings,  where  only  4  by  6-inch  sills 
are  used,  the  floor-joists  are  often  cut  as  at  a,  Fig.  44,  and  the  sills 
are  not  mortised.  This  is  very  poor  construction,  as  it  greatly  weak- 
ens the  joists,  so  that  comparatively  light  loads  produce  cracks,  as 
shown  at  6.  A  floor-joist  cut  as  at  a,  Fig.  44,  and  supported  as  at  a. 
Fig.  45,  will  carry  less  than  half 
the  load  it  would  if  reversed  and 
supported  as  at  6. 

The  outer  ends  of  the  second- 
story  joists  are  merely  sized  to  a 
uniform  depth  and  spiked  to  the 
top  of  the  girt,  if  a  solid  girt  is 
used.  Where  a  false  girt  is  used  each  joist  should  have  a  notch, 
about  J4  <>f  an  inch  deep,  cut  in  the  bottom  to  fit  over  the  top  of 
the  girt,  as  shown  in  Fig.  31.  Wherever  practicable  the  joists 
should  be  placed  so  as  to  come  against  the  sides  of  the  studs  and 
the  two  should  be  spiked  together.  The  outer  ends  of  the  attic 
joists,  if  they  rest  on  the  plates,  are  merely  spiked  to  them;  if  they 
rest  on  false  girts  they  are  notched  the  same  as  shown  for  the 
second-story  joists  and  spiked  to  the  studs. 

2.  Framing  of  Joists  to  Girders.  The  framing  of  the  joists  flush 
with  the  girders  is  advisable  in  order  to  give  sufficient  head-room  in 
the  basement.  When  the  joists  are  placed  directly  on  top  of  the  gird- 
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ers,  the  latter  interfere  with  the  heating  and  piping-systems  and 
often  necessitate  placing  the  furnace  in  a  pit  in  order  to  obtain  the 
required  head-room.  If  the  Joists  are  framed  flush  into  the  girders, 
as.  shown  in  Figs.  46  or  81,  the 
shrinkage  is  much  less  than  if  th^ 
rest  on  them. 

The  old  methods  of  framing  joists 
into  girders,  as  illustrated  in  Figs. 
47  and  48  are  used  much  less  than 
formerly,  and  the  framing  by  nail- 
ing and  bolting  strips  to  the  girders, 
as  shown  in  Fig.  49,  should  be  used 
Hg.  <6.  Joist  ^Fr.m«i  Fioih  «i(h  o^jy  f^^  light  and  cheap  work.  By 
these  methods  of  construction  the 
joists  are  weakened  and  tend  to  split  when  loaded.  If  mortise- 
and-tenon  joists  are  used,  as  shown  in  Figs.  47  and  48,  girders  must 
have  suiBcient  additional  size  to  offset  the  weakening  effect  of  the 


Fii.  47-     Old  Method  o£  Frai 


mortise-holes.  The  mortise-holes  coming  below  the  neutral  axis 
decrease  the  strength  of  the  girder.  Hangers  of  the  "Duplex"  type 
are  attached  to  the  girder  at,  or  above,  the  neutral  axis,  and  there- 


fore do  not  affect  the  tension-fibre  strength  of  the  girder;  and,  in 
addition,  there  is  only  one-half  the  amount  of  shrinkage  resulting 


WOODEN  FRAMING.  107 

from  the  use  of  steel  hangers.  Fig.  50  shows  the  girder  dropped 
several  inches.  This  construction  is  not  economical  and  costs  more 
than  that  in  which  joist-hangers  are  used.     Usually  these  small- 


A round  Opening  in  Floor. 


sized  hangers  are  carried  in  stock  by  hardware-dealers  and  can  be 
used  at  a  slight  additional  expense. 
90.    FRAMING  AROUND  STAIR-WELLS,  CHIMNEYS,  etc. 


:.  53.    Belt  Hcthod  o 


This  should  be  done  as  shown  in  Fig.  51,  or  by  using  hangers  of  the 
"Duplex"  type,  or  with  steel  hangers.  The  National  Board  of  Fire 
Underwriters  requires  that  the  ends  of  beams  which  are  framed 
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around  chimneys  and  are  in  proximity  to  flues,  shall  he  protected  to 
prevent  charring.  Fig.  52  shows  the  hest  method  of  framing  around 
chimneys,  etc. 

For  heavy  framing,  all  headers  and  tail-beams  should  be  hung 
in  hangers  as  described  for  brick  buildings,  Arts,  95,  etc. 

91.  PORCH^FLOORS.  This  construction  should  be  framed 
with  the  joists  parallel  with  the  walls  of  the  house,  so  that  the  floor- 


Fig.  S3'    Framing  of  a  Porch  Floor. 

boards  will  be  at  right-angles  to  these  walls  and  pitch  outward  i  inch 
in  from  6  to  8  feet.  It  is  also  customary  to  drop  the  porch-floor 
about  6  inches  below  the  first-story  floor  of  the  building.  Fig.  53, 
from  an  article  in  the  "Inland  Architect"  on  isometric  drawing,  by 
Oiarles  E.  Illsley,  architect,  gives  a.  clear  representation  of  the 
proper  framing  of  a  porch-floor,  although  brick  piers  are  more  dur- 
able than  the  wooden  posts  shown  In  the  figure.  If  the  porch  is 
y>  over  6  feet  wide  or  the  supports  are  farther 

(apart,  the  size  of  the  cross-timbers  should  be 
increased  accordingly. 
92.     BRIDGING.     After  the  floor-joists  are 
^  leveled  and   secured  in  place  and  before  the 
Y  floor-boards  are  laid,  they  should  be  bridged  at 

(the  middle  of  the  span  for  spans  from  8  and  16 
feet,  and  with  two  rows  of  bridging  for  spans 
from  18  to  24  feet,  as  shown  in  Fig.  54.     For 
dwelling-house  floors,   i  by  3-inch  bridging  is 
I'le-    W'.,  rioofJoit    sufficient.     For  14  inch  joists,  2  by  3-inch  stufif 
should  be  used.     The  pieces  should  be  cut  on  a 
miter  to  the  exact  length  and  each  end  of  each  piece  nailed  with  two 
tenpenny  nails.    Both  ends  of  each  piece  of  bridging  should  be  nailed 
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at  the  same  time  and  before  the  joists  are  loaded  in  any  way  and  the 
bridging  should  be  continuous  and  in  straight  hues  across  the  room. 
It  must  not  be  understood  that  bridging  increases  the  strength  of 
a  floor  so  that  it  will  carry  a  greater  distributed  load  than  it  will 
support  without  bridging,  for  such  is  not  the  case,  except  in  so  far 
as  it  prevents  the  joists  from  twisting  or  buckling  sidewise.  The 
principal  advantage  derived  from  the  use  of  bridging  is  in  the  case  of 
concentrated  loads,  such  as  the  legs  of  heavy  pieces  of  furniture,  and 
also  in  the  case  of  suddenly  applied  loads,  such  as  jumping,  the  mov- 
ing of  heavy  articles,  etc.  In  such  cases  the  joist  immediately  be- 
neath the  weight  is  materially  assisted  through  the  bridging  by  the 


Fig.     55-     Framing    1 


joists  on  each  side  of  it.  Mr.  R.  G.  Hatfield  found  by  testing  a 
model  floor,  constructed  one-eighlh  full  size,  that  it  required  three 
times  the  load  to  produce  the  same  deflection  in  a  bridged  beam  that 
it  did  in  one  not  bridged. 

93.  FRAMING  A  PROJECTING  CORNER.  It  often  hap- 
pens, in  dwellings  and  tenement-houses,  that  the  stairs  are  built  as 
shown  in  the  plan.  Fig.  55,  and  it  is  desirable  to  extend  the  upper 
floor  into  the  stair-well  without  any  vertical  support  at  the  corner 
A,  If  there  is  a  partition  or  girder  under  the  dotted  lines  B  and  the 
floor-joists  run  at  right-angles  to  it,  the  projecting  portion  can  be 
easily  supported  by  merely  extending  the  floor-joists  the  desired  dis- 
tance beyond  the  supporting  partition. 

Very  often,  however,  the  joists  run  the  other  way  and  there  is  no 
support  below,  so  that  the  corner  must  be  made  self-supporting;  and 
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just  how  to  make  it  so  is  sometimes  a  puzzle  to  the  young  architect 
or  draughtsman.  Probably  the  best  method  of  doing  it  is  that 
shown  by  the  partial  framing-plan  (Fig.  56). 

The  trimmer  B  and  header  A  are  first  framed  in  the  usual  way ; 
then  a  heavy  timber  (C),  of  about  half  the  depth  of  the  floor-joists, 
is  framed  diagonally  between  A  and  B,  with  its  under  side  flush  with 
the  joists.  This  forms  a  support,  at  its  center,  for  the  cantilever  D, 
which  in  turn  supports  the  outer  end  of  the  pieces,  E,  E.  The  piece 
D  should  be  made  the  full  depth  of  the  joists  and  notched  over  the 
piece  C.  Short  pieces  of  joists  are  cut  in  between  the  timbers  A,  D 
and  E,  and  the  framing  is  then  ready  for  the  flooring  and  lathing. 

There  are  many  places  where  this  method  of  framing  may  be 
employed,  particularly  in  tower-stairways.  The  same  method  could 
be  carried  out  with  iron  framing,  omitting  the  short  pieces  of  joists. 
If  the  projection  is  very  great,  however,  and  the  floor  is  a  heavy  one, 
it  is  better  to  support  the  corner  directly,  either  by  a  post  or  rod. 

94.  LAYING  OUT  THE  FLOOR-FRAMING  PLANS.  The 
framing  of  floors  may  be  most  conveniently  drawn  on  tracing-cloth 
or  thin  bond-paper  laid  over  the  corresponding  floor-plan.  The 
framing-plan  should  show  the  interior  supports  or  partitions  in  the 
story  below  and  the  framing  around  all  openings,  chimneys,  etc. 
Provision  should  be  made,  also,  for  the  support  of  all  partitions  that 
do  not  come  over  partitions  below  (see  Arts.  107  and  108)  and  for 
nailing  the  ends  of  the  floor-boards  where  they  come  against  walls  or 
partitions.  Any  necessary  framing  for  hot-air  pipes  and  floor-regis- 
ters and  the  position  of  the  same  should  be  shown  and  the  location 
of  the  bridging  indicated. 

The  size  and  position  of  all  special  timbers,  including  the  joists 
that  support  partitions,  all  headers  and  trimmers  and  the  size  and 
position  of  all  openings  should  be  accurately  figured.  In  short,  the 
framing-plans  should  afford  all  information  necessary  for  erecting 
the  frame  of  the  building  without  consulting  the  other  plans. 

If  there  is  any  special  construction  or  peculiarity  of  framing  re- 
quired it  should  be  indicated  on  the  margin  by  three-quarter  or  inch- 
scale  details. 

Fig.  57  shows  the  framing  of  a  part  of  the  second  floor  and  the 
supports  in  the  story  below  for  a  wooden  dwelling  laid  out  in  the 
above  manner.  For  large  buildings  the  framing-plans  may  be  drawn 
to  a  scale  of  J^  of  an  inch  to  the  foot  and  the  common  joists  in- 
dicated by  single  lines.  All  special  timbers  should  be  colored  yellow 
on  the  drawings  to  make  them  more  prominent* 

95.  FLOORS  OF  BRICK  BUILDINGS.    The  framing  of  the 

•  Sec,    alio,    Kidder*8    "Architects'    and    Builders'    Pocket-Book,"    "Layout    of    Floor- 
Framing,"  Chap.  XXI. 
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floors  in  brick  buildings  is  essentially  the  same  as  in  wooden  build- 
ings, the  only  difference  being  in  the  connections  of  the  floor-timbers 
with  the  outer  walls. 

In  brick  buildings  the  outer  ends  of  the  joists  are  naturally  sup- 
ported by  the  brickwork.  Hanging  the  timbers  in  wall-hangers  is 
considered  the  best  construction,  as  dry-rot  is  prevented  and  the 


Fig.  S7'     5«ond-F]t 


construction  is  approved  by  the  insurance-underwriters.  A  cheap 
method  sometimes  employed,  however,  consists  in  building  the  tim- 
bers directly  into  the  wall,  each  timber  having  a  bearing  of  about  4 
inches  on  the  wall  and  being  anchored  securely  every  few  feet  by 
iron  anchors.  For  residences  and  in  very  light  construction  this 
method  may  not  be  seriously  objectionable ;  but  in  heavier  work  it 
should  not  be  employed.     In  the  latter  case  wall-hangers,  wall-boxes 
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or  wall-plates  should  be  used.  Another  difference  in  the  methods  of 
framing  brick  and  wooden  buildings  is  in  the  manner  of  supporting 
the  joists  over  the  outside  door-openings  and  window-openings.     la 

-T- 


Fig.   s8.     First-noor  Plan.     Small  Brick  Dnellins, 

wooden  buildings  the  joists  are  supported  by  the  sills,  girts  or 
plates,  while  in  brick  buildings  there  is'nothing  corresponding  to 
these.  When  the  top  of  a  window-opening  or  door-opening  is  2 
feet  or  more  below  the  bottom  of  the  joists  there  is  sufficient  room 
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to  turn  a  brick  arch  over  the  opening  to  support  the  joists;  but 
when  the  top  of  the  rough  opening  comes  within  14  inches  of  the 
joists,  as  is  usually  the  case  with  basement  windows,  the  joists 


Fie.  S9.     Floor-Fr»m!nK  for  Plan  Shown  in  Fig.  %8. 

should  either  be  framed  into  a  header,  as  shown  in  Fig.  59,  or  a 
steel  beam  should  be  placed  over  the  opening.  This  is  a  detail  that 
must  not  be  overlooked  in  laying  out  the  framing-plans.     Another 
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point  of  difference  is  that  in  brick  buildings  a  tloor-joist  must  al- 
ways be  placed  against  a  wall  that  is  parallel  with  the  joists,  to  af- 
ford a  nailing  for  the  ends  of  the  floor-boards,  laths  or  furring- 
strips.  In  cheap  wooden  buildings  the  underflooring  is  sometimes 
nailed  to  the  girt  and  the  single  parallel  joist  omitted;  but  this 
is  not  good  practice,  as  it  affords  no  nailing-space  for  the  over- 
flooring  or  finished  flooring.  In  all  other  respects  the  laying  out  of 
the  framing  is  the  same  as  described  for  wooden  buildings.  Fig. 
59  is  the  framing-plan  of  the  first  floor  of  the  small  brick  build- 
ing shown  in  Fig.  58,  which  includes  all  the  features  usually  met 
with  in  small  brick  dwellings  and  tenement-houses.  In  this  case 
it  was  necessary  to  drop  the  girder  6  inches  below  the  top  of  joists 
to  leave  room  for  the  boots  on  the  hot-air  pipes.  This  is  a  point 
that  should  not  be  overlooked  when  laying  out  the  framing  of  build- 
ings that  are  to  be  heated  by  hot  air. 

For  buildings  other  than  dwellings,  heavier  framing  than  that 
which  has  been  described  is  often  required ;  and  although  the  prin- 
ciples involved  are  the  same,  the  details  are  often  somewhat  different. 
Many  of  these  details  are  as  applicable  to  wooden  as  to  brick  build- 
ings; but  as  they  do  not  as  frequently  occur  in  wooden  buildings  it 
seemed  best  to  describe  them  here. 

96.  BEAM  AND  GIRDER  WALI^SUPPORTS  AND  AN- 
CHORS. When  the  timbers  are  built  into  the  brickwork  in  ordi- 
nary construction,  their  ends  should  be  beveled  as  shown  in  Fig.  60 


and  should  bear  on  the  wall  not  less  than  4  or  5  inches.  In  order  to 
cheapen  the  cost  of  construction  the  timbers  are  often  left  "square"; 
but  this  is  objectionable,  as  in  case  of  fire,  in  falling  down  they  lift 
the  bricks  and  throw  the  wall  over.  The  Joists  are  usually  anchored 
every  4  or  5  feet  to  tie  the  building  and  to  prevent  the  joists  and  wall 
from  pulling  away  from  each  other.    The  anchors  extend  to  within 
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4  inches  of  the  outside  face  of  the  wall  and  are  spiked  near  the  bot- 
tom of  the  joists  to  lessen  the  tendency  to  pull  the  wall  over  in  case 
the  joists  fall  because  of  a  fire.  Fig.  6i  shows  the  effect  on  the 
wall  of  a  falling  joist  anchored  at  the  top.  Such  anchors,  wherever 
placed,  are  apt  to  pull  down  the  wall  with  a  falling  joist. 

During  the  past  few  years  the  use  of  wall-hangers,  as  shown  in 
Figs.  y2  and  74,  has  become  very  general.  The  advantages  of  wall- 
hangers  are  that  they  reduce  dry  rot  to  a  minimum,  and  also,  in  case 
of  fire,  that  they  are  self -releasing,  thus  leaving  the  wall  perfectly 
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Fig.  63.     Wall-Anchor. 
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Fig.  64.     Dog-Anchor  for  Wooden  Girders. 


Fig.  6a.     Types  of  Wall-Anchors.         Fig.  65.     Strap-Anchor  for  Tying  Wooden  Girders. 

intact.  Shorter  joists  can  be  used,  as  they  are  carried  entirely  clear 
of  the  walls.  This  reduces  the  cost  of  the  timber  and  the  saving  in 
many  cases  is  equivalent  to  the  cost  of  the  hangers.  When  wall- 
hangers  are  used  there  is  no  hole  in  the  masonry,  the  hangers  being 
built  directly  into  the  brickwork  and  every  fourth  or  fifth  hanger  an- 
chored. 

In  Fig.  62,  a  shows  the  "T  wall-anchor"  which  is  commonly  used 
to  secure  joists  to  a  wall.  The  application  is  shown  in  Fig.  60.  In 
Fig.  62,  b  shows  the  "split  wall-anchor,"  which  serves  the  same  pur- 
pose as  the  T  wall-anchor.  In  both  cases  they  are  spiked  to  the 
timbers.  Frequently  an  anchor  like  that  shown  in  Fig.  63  is  used, 
and  if  it  is  turned  up  to  catch  two  bricks  it  is  as  good  as  any.  For 
anchoring  wooden  girders  across  the  building,  the  "dog-anchor," 
Fig.  64,  is  used.     When  the  girders  butt  against  one  another,  the 
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ends  of  the  dog-anchors  are  sometimes  tapered  so  that  they  can  be 
driven  into  the  timbers.  "Strap-anchors"  similar  to  that  shown  in 
Fig-  65,  tie  the  building  in  the  direction  of  the  girders  and  are 
merely  spiked  to  the  sides  of  the  timbers.  This  form  of  anchor 
is  in  more  common  use  than  the  dog-anchor.  When  the  girders  butt 
against  the  posts  and  no  provision  for  anchoring  is  made  on  the 
post-caps,  strap-anchors  are  used. 

Fig.  66  shows  a  common  anchor  for  fastening  a  sill  or  wall-plate. 
This  is  also  called  a  "plate-bolt." 


^ 
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For  veneer-work  the  brick  veneer  must  be  fastened  to  the  up- 
rights and  a  common  type  of  veneer-tie  is  shown  in  Fig.  67. 

The  various  building  codes,  in  specifying  anchors,  usually  read  as 
follows : ' 

"Each  tier  of  beams  shall  be  anchored  to  the  side,  front,  rear  or  party 
walls  at  intervals  of  not  more  than  8  feet,  with  strong,  wrought-iron  anchors. 
The  ends  of  beams  resting  upon  girders  shall  be  butted  together  end  to  end, 
strapped  with  wrought-iron  straps  of  the  same  size,  placed  the  same  distance 
apart  as  required  for  the  wall-anchors  and  placed  on  the  same  beams  that 
have  wall-anchors.  Or  they  may  lap  on  each  other  at  least  12  inches  and  be 
well  spiked  or  bolted  together  where  lapped,  or  be  spiked  to  their  bearings 
and  to  the  studs,  as  in  balloon  framing.  Where  beams  are  supported  by 
girders;  the  girders  shall  be  anchored  to  the  walls  and  fastened  to  each 
other  by  suitable  straps." 

"Every  pier  or  wall,  front  or  rear,  shall  be  well  anchored  to  the  beams 
with  the  same-sized  anchors  as  are  required  for  the  side  walls.  These  an- 
chors shall  hook  over  the  second  joists,  but  no  anchor  shall  cut  into  a  beam 
or  joist  within  a  distance  of  4  feet  of  its  center." 

"When  joists  or  beams  are  hung  in  standard  joist-hangers  or  wall-hangers, 
their  wall-ends  shall  be  anchored  and  their  girder-ends  strapped  together 
as  above  specified." 

If  the  wall  is  at  the  side  or  rear  of  a  building,  where  appearance  is 
not  of  much  consequence,  it  is  better  to  have  the  anchor  pass  entirely 
through  the  wall  and  to  have  a  plate  on  the  outside.     An  anchor 
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fastened  in  this  way  holds  much  better  than  when  it  extends  only  to 
the  middle  of  the  wall.  The  cheapest  form  of  anchor  for  this  pur- 
pose is  the  one  shown  at  c,  Fig.  62.  It  has  a  thin  plate  of  iron 
doweled  and  upset  on  the  outer  end.  This  type  of  anchor,  also,  may  * 
extend  only  to  the  middle  of  the  wall. 

For  anchoring  the  ends  of  girders,  or  where  a  particularly  strong 
anchor  is  desired,  the  form  shown  at  d,  Fig.  62,  is  undoubtedly  the 
best.  This  anchor  is  made  from  a  ^-inch  bolt,  flattened  out  for 
spiking  to  the  joists  and  provided  with  a  cast-iron  star  washer.  It 
possesses  the  advantage  of  having  on  the  outer  end  a  nut,  which,  if 
necessary,  can  be  tightened  after  the  wall  is  built.  For  anchoring 
walls  that  are  parallel  to  the  joists  the  anchor  must  be  spiked  to  the 
top  of  the  joists,  and  should  either  be  long  enough  to  reach  over  two 
joists  or  a  piece  of  i^-inch  board  should  be  let  into  the  top  of  three 
or  four  joists  and  the  anchor  spiked  to  it.  After  the  floor-joists  are 
set  in  place  and  the  anchors  spiked  to  them,  the  brick-masons  lill  in 
between  the  ends  of  the  joists  and  around  the  anchors  with  britk- 
work. 

97.  PREVENTION  OF  DRY  ROT.  While  the  method  of 
building  the  joists  directly  into  the  brick  walls  and  anchoring  them 
as  above  described  gives  ample  strength  for  ordinary  floor-construe- 


Fis-  6S.     Duplex  Wall- 


Pit.  69.    Goeu  Wall-Boxe*. 


tion,  tt  has  two  serious  objections.  Ko  ventilation  is  provided 
around  the  ends  of  the  joists  and  the  wall  is  apt  to  be  destroyed  in 
case  of  fire.  The  lack  of  ventilation  is  liable  to  cause  dry  rot  in  the 
wood,  especially  if  it  is  not  well  seasoned.  Theoretically,  therefore, 
an  air-space  should  be  left  around  the  ends  of  the  joists ;  but  it  is 
rather  difficult  to  provide  for  this,  especially  if  the  wall  is  not 
furred.  A  practical  method  for  securing  ventilation  around  the 
ends  of  the  joists  is  the  one  involving  the  use  of  wall-boxes  similar 
to  those  shown  in  Figs.  68,  69  (69  showing  the  original  forms  of  the 
"Goetz"  box-anchor)  and  809.  These  wall-boxes  hold  the  joists  in 
position  and  at  the  same  time  afford  an  air-space  around  the  ends 
of  the  latter  as  shown  in  Fig.  70.     (See,  also.  Art.  32.) 
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98.  BEAM-RELEASING  ANCHORS.  The  second  objection, 
also,  mentioned  above,  may  be  overcome  by  using  these  boxes.  They 
have  ribs  or  lugs  cast  on  the  bottom,  as  shown  in  the  figure,  and  cor- 
responding notches  are  cut  in  the  bottom  of  the  joists,  so  that 
when  the  latter  are  in  place  they  are  securely 
fastened  to  the  boxes,  which  being  dovetailed 
into  the  walls,  afford  sufficient  anchorage  to 
tie  the  building.  The  "Duplex"  wall-box,  Fig. 
68,  has,  in  addition,  a  vertical  rib  cast  on  the 
back  of  the  bottom  plate  which  acts  as  an 
'**  '"'Ai^s'^^  ''""  anchor  in  the  brickwork.  Large  beams  or 
girders  may  be  further  secured  by  anchor- 
ing each  box  to  the  wall  by  a  bolt  passing  through  a  hole  in  the  back, 
as  shown  in  Fig,  70.  If  a  joist  falls,  in  case  of  fire,  it  releases  itself 
from  the  box  without  pulling  the  wall  over.  Covers  are  used  for 
the  large  wall-boxes;  but  for  small  timbers  the  brickwork  usually 
spahs  the  box  and  a  cover  is  not  required. 
The  boxes  shown  are  made  of  cast  iron,  ex- 
cept the  one  in  Fig.  68,  which  is  made  with 
a  malleable-iron  bottom  plate  and  a  steel 
box. 

Wall-plates,  shown  in  Fig,  71,  are  some- 
times used  instead  of  wall-boxes.  They  re- 
duce the  pressure  on  the  wall  and  also  pro- 
vide an  anchorage,  but  do  not  prevent  dry 
rot.  The  wall-plate,  however,  complies 
with  the  building  codes  in  many  cities. 

Another  device  which  allows  joists  to  fall 
without  injury  to  walls  is  the  wall-hanger.  Fig.  ; 
one  type  of  which,  the  "Duplex,"  is  shown 
in  Fig.  72.  By  the  use  of  wall-hangers  the 
joists  are  hung  from  the  walls  instead  of 
being  built  into  them.  The  bracket  shown 
on  the  back  of  the  hanger  is  built  into  the 
wall  and  a  lug  on  the  bottom  holds  the  joist ; 
every  fourth  or  fifth  hanger  is  also  bolted 
to  the  wall.  One  advantage  possessed  by 
these  hangers  is  that  they  do  not  weaken 
walls  at  the  floor-levels.  In  case  the  joists  ^"'  '■ 
fall  there  is  no  danger  of  the  walls  falling 
also,  as  shown  in  Fig,  73.  There  is;  moreover,  no  danger  of  dry  rot. 
Wall-hangers  are  especially  desirable  for  party  walls  and  parti- 
tion-walls, as  joists  greatly  weaken  them  where  they  enter  from 
both  sides.     When  joists  are  hung  in  hangers  a  wall  is  as  strong 
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at  the  floor-level  as  elsewhere.  (See  Fig.  74.)  Wall-boxes  or 
wall-hangers  are  used  in  large  brick  buildings  and  particularly  in 
mercantile  buildings.  The  "Duplex"  wall-hanger,  Fig.  75,  for  effi- 
cient heavy  construction,  is  made  of  one  piece  of  steel  and  bears 


Fi?.  73. 

Without   Damage   to 


Fig.  74.     Wall-Hangers  Applied  to  a  Party 

Wall. 


the  label  of  approval  of  the  National  Board  of  Fire  Underwriters. 
Stirrup  types  of  wall-hangers  should  not  be  used  for  this  kind  of 
work. 

The  importance  of  anchoring  the  floors  to  the  walls,  and  thus 
preventing  the  latter  from  being  thrown  outward,  either  from  set- 
tlement in  the  foundation  or  from  pressure  exerted  against  the 
inside  of  the  walls,  cannot  be  over-estimated  and  these  details 
should  never  be  overlooked.  When  the  first  tier  of  joists  is  not 
more  than  3  feet  above  the  ground 
it  is  not  necessary  to  tie  them  to 
the  walls,  except  in  storage-build- 
ings, or  where  the  first  story  is 
over  15  feet  high;  but  all  other 
floors  and  all  flat  roofs  should  be 
securely  anchored  to  all  outside 

walls,  to  the  side  walls  as  well  as  ^^«-  "•  Wall-nangej^^for  Heavy  Con- 
to  the  end  walls,  at  least  once  in 

every  6  feet  In  some  localities  the  outer  ends  of  the  floor-joists 
are  supported  on  ledges  corbelled  out  on  the  inside  of  the  walls.* 
99.  WOODEN  WALL-PLATES.  Brick  buildings  with  pitched 
roofs  require  wooden  wall-plates  to  receive  the  ends  of  the  rafters ; 
the  plates  also  greatly  stiffen  the  walls  to  resist  the  thrust  of  the 
rafters.  They  should  be  made  of  two  thicknesses  of  planks,  8 
inches  wide  for  an  8  or  9-inch  wall  and  12  inches  wide  for  thicker 
walls,  and  should  be  bolted  to  the  top  of  the  walls  by  ^  or  J^-inch 
bolts  at  least  2  feet  long,  imbedded  in  the  brickwork.  On  the 
lower  end  of  each  bolt  a  large  wrought-iron  washer  should  be 


*  For  a  description  of  this  method   of  support,   see  Fig.   204,   page  358,   in   "Building 
Construction  and  Superintendence,  Part  I,  Masons'  Work."     F.  E.  Kidder. 
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placed  to  hold  the  bolt  in  the  wall.  The  planks  should  break  joint, 
and  where  possible  the  plates  should  form  an  unbroken  tie  around 
the  building.  Before  bolting  the  plates  in  position  they  should  be 
bedded  in  mortar.  For  small  dwellings  a  single  plank  is  sufficient, 
but  it  should  extend  from  angle  to  angle.  The  rafters  are  spiked 
to  the  plates,  as  in  wooden  buildings,  and  often  the  attic-floor  joists 
rest  on  the  plates  and  are  spiked  to  them.  (See  Figs.  128  and  133.) 
When  the  plates  are  above  the  attic-floor,  diagonal  ties  or  braces 
should  be  spiked  to  the  rafters  and  to  the  floor-joists,  as  in  Fig.  128, 


Fig.    7$.     Hangei*   for   Dwdlingl  and   Light   Canitrui 


to  prevent  the  roof  from  spreading  the  walls.  The  rafters  of  flat 
roofs  are  built  into  the  walls  in  the  same  way  that  the  floor-joists 
are  built  in  and  the  walls  are  carried  12  or  18  inches  above  the  roof. 

100.  FRAMING  OF  HEADERS  AND  TRIMMERS.  The 
ordinary  method  of  framing  around  openings  and  stair-wells  has 
been  discussed  in  Art.  90.  In  most  large  cities,  however,  the  build- 
ing codes  now  require  that  headers  over  4  feet  long,  in  all  buildings 
except  dwellings,  shall  be  hung  in  hangers  or  stirrups.  In  some 
cities  this  applies  to  residences,  but  a  longer  length  of  header  is 
allowed.  In  heavy  construction  the  saving  over  the  old  method  in 
the  extra  amount  of  lumber  required  offsets  the  cost  of  the  hangers. 
The  full  strength  of  the  header  at  the  end  is  obtained,  and  in  case 
of  fire  such  a  joint  would  stand  much  longer  than  the  mortise-and- 
tenon  joint.  For  dwellings  and  light  construction  the  author  rec- 
ommends the  use  of  the  "Duplex"  type  shown  in  Fig  76  or  the  form 
of  steel  hanger  shown  in  Fig,  81, 

I.  Hangers.  These  hangers  are  made  in  great  variety  to  suit 
any  size  of  timber  and  are  now  carried  in  stock  in  most  of  the 
larger  cities.  They  are  supported,  in  the  "Duplex"  type,  by  inserting 
the  lugs  into  holes  bored  near  the  center  of  the  trimmer.  This 
gives  them  an  advantage  over  stirrup  hangers  because  they  are 
affected  by  only  about  one-half  the  shrinkage  in  the  trimmer; 
while  the  ordinary  stirrup  iron  is  supported  at  the  top  of  the  timber, 
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and  consequently  the  bottom  of  the  stirrup  must  settle,  and  the 
header  with  it,  by  the  amount  of  shrinkage  in  the  trimmer.  Un- 
less the  trimmer  is  well  seasoned  this  dropping  of  the  header,  due 
to  the  shrinkage  of  the  trimmer,  will  be  sufficient  to  crack  and 
distort  plastered  ceilings.  This  shrinkage  is  often  sufficient  to 
cause  unevenness  in  the  floor,  as  shown  in  Fig.  "^y.    Even  where 


v^of> 


Fig.  77,    Effect  on  Floor  of  Shrinkage  Near  Hanger. 

joist-hangers  are  used,  pains  should  be  taken  to  secure  well-seasoned 
timber. 

With  the  "Goetz''  hangers,  the  beam  supported  is  tied  to  the 
hanger  by  a  spike  driven  into  the  beam  through  a  hole  in  the  bottom 
of  the  hanger.  For  large  timbers,  lag-screws  may  be  used.  The 
"Duplex"  hangers  in  the  smaller  sizes  hold  the  joists  by  means  of 
lugs  on  the  sides,  as  shown  in  the  cut  at  A,  Fig  76.  The  larger 
hangers  have  a  bolt  or  lag-screw,  which  passes  through  the  end  of 


Fig.    78.     Duplex   Hanger   Bolted   to 
Trimmer. 


Fig.  79.     Stirrup  Iron. 


tKe  joist  and  ties  the  joist  to  the  hanger.  This  hanger  may  also  be 
bolted  to  the  trimmer,  as  shown  in  Fig.  78,  thus  absolutely  pre- 
venting the  trimmer  from  spreading.  The  tail-beams,  also,  should 
be  hung  in  hangers  when  the  headers  are  very  long,  as  shown  in 
Fig.  52. 
2,    Stirrup  Irons,     Stirrup  hangers  or  stirrup  irons  were  the 
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first  to  replace  the  old-style  mortise-and-tenon  framing  and  are 
shown  in  Figs.  79,  80  and  81,  The  stirrup  type  of  hanger,  how- 
ever, is  objectionable  as  all  the  load  is  brought  on  the  edge  of  the 
timber,  causing  the  hanger  to  crush  into  it,  as  shown  in  Fig.  815 
of  the  Appendix,  "Points  that  Should  be  Considered,  etc."  While 
steel  is  amply  strong  for  the  tension,  it  is  subjected  to  bending  in 
stirrup  hangers,  and  must, 
therefore,  be  of  sufficient 
extra  thickness  and  size  to 
overcome  this  bending. 
The  dropping  of  the  header 
due  to  shrinkage  is  also  ob- 
jectionable in  hangers  of 
this  type.  They  are  not 
generally  carried  in  stock, 
but  can  be  easily  made  by 
any  blacksmith. 

Fig.    80.     Stirrup    Iron    Applied    lo    H«»dfr    ind  The  USe  of  the  "DupIcx" 

'^"°""*''-  type  of  hangers  for  heavy 

timbers  is  now  general  in  warehouse-construction,  as  they  allow  for 
the  full  strength  of  the  timber  and  a  minimum  amount  of  shrinkage. 
The  tests  and  actual  experience  have  shown  that  when  the  holes  for 
this  type  of  hanger  are  bored  at,  or  above,  the  neutral  axis,  the 
strength  of  the  girder  is  not  materially  affected. 

Stirrup  hangers  should  be  made  from  fi  to  ^  of  an  inch  thick 
and  from  2  to  4  inches  wide,  according  to  the  size  and  length  of 
the  timbers  they  support.  They 
may  be  made  double,  as  shown  in 
Fig.  79,  or  single,  as  shown  in  Fig. 
8i.  When  single,  the  end  of  the 
hanger  should  run  down  at  least 
lyi  inches  over  the  further  side  of 
the  trimmer,  as  shown  in  Fig.  83. 
As  stirrup  irons  are  ordinarily 
used,  the  end  of  the  header  is  sim- 
ply spiked  to  the  trimmer  to  keep 

the  latter  from  spreading  until  the      pig.  81.   Appiic,,ion  «t  Stirr-p  irc^i 
floor  is  laid,  the  latter  being  de- 

peniled  upon  finally  to  prevent  the  trimmers  from  spreading  and  con- 
sequently the  headers  from  dropping. 

A  better  procedure,  much  followed  in  Boston,  is  to  tie  the  end 
of  the  header  to  the  trimmer  by  a  J4  or  J^-inch  "joint-bolt,"  which 
is  an  ordinary  square-headed  bolt  about  18  inches  long.     A  hole 
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sightly  larger  than  the  bolt  is  bored  through  the  trimmer  and  into 
the  end  of  the  header.  A  square  hole  is  then  cut  into  the  side  of 
the  header  as  at  A,  Fig.  80,  just  large  enough  to  slip  in  the  nut, 
which  is  pushed  in  opposite  the  bolt-hole.  The  bolt  is  then  pushed 
in,  the  screw  end  started  in  the  nut  and  the  bolt  screwed  up  by 
turning  the  head.  This  draws  the  two  timbers  tightly  together  and 
brings  a  perfectly  dead  weight  on  the  hanger. 

The  following  table  shows  the  size  of  iron  bars  recommended 
for  stirrups  and  also  the  safe  strength  of  the  stirrups: 


TABLE  III. 
Sizes  op  Iron  Bars  for  and  Safe  Strength  of  Stirrups. 


Site*  of  iron  Un. 

5iit>  ol  ioiiti 

lupported. 

Sife  Mrtngtb  of 
■drrup*. 

M  X  a        inehw 

£  X    S  to  3  X  10  Incho 

4  X 10  lo  1 X  la     1; 

8  X  1»  to  4  X  11       II 

10,000  pouodt 
18.000     " 
M.O(H)    " 
80.000    " 
86,000    •• 

SS  : 

Figs,  82,  84,  85,  86  and  87  represent  various  other  types  of  steel 
hangers.  They  are  to  be  spiked  to  the  timbers  and  are  amply  strong 
for  ordinary  construction,  but  would  be  improved  by  hooking  over 


the  beams,  as  shown  in  Fig.  81.  See  Appendix  for  article  on  "Points 
that  should  be  Considered  in  Selecting  or  Designing  Joist  and 
Wall-Hangers," 
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loi.  FLITCH-PLATE  GIRDERS.*  It  sometimes  occurs  that 
the  spans  and  loads  are  too  great  to  permit  the  use  of  ordinary 
timbers.  In  this  case  a  flitch-plate  girder  is  often  used,  consisting 
of  a  steel  plate  between  two  wooden  beams,  securely  bolted  together 
by  J^-inch  bolts  which  are  spaced  from  i8  to  24  inches  on  centers 


and  staggered.  It  has  been  found  in  practice  that  the  plate  should 
be  about  one-sixteenth  of  the  total  thickness  of  the  girder,  or  in 
other  words  the  thickness  of  the  wood  should  be  fifteen  times  the 
thickness  of  the  plate.  The  bolts  should  be  placed  not  less  than 
2  inches  from  the  edges  of  the  timbers  and  there  should  be  two 


bolts  placed  over  each  other  at  the  ends  of  the  girder.     The  depth 
of  the  plate  should  be  J^  an  inch  less  than  that  of  the  timbers,  to 

•  Ste,    «Iio,    'Tbe    ArchLlccis"    ami    Builders'    rockrt-Book,"     F.     E,    Kidder.     Chap, 
XVII,   "Strenph   of    Built-up    WooJcn    Reams.    Flilrl.-I'Lale.   anj   TrusKd   Girders,"    for 
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allow  for  shrinkage.  In  framing  joists  to  flitch-plate  girders  it  is 
an  advantage  to  use  hangers  of  the  type  shown  in  Fig.  88,  as  the 
bolts  can  he  run  through  the  hangers  themselves,  thus  bolting 
the  girder  and  hangers  and  also  tying  the  construction.     The  nip- 


Fig.    87.    The  Lane  Hioser. 

pies  on  the  "Duplex"  hangers  are  countersunk  so  that  the  bolts  will 
fit  into  them. 

A  metal  girder  Is  less  fire-resisting  than  a  flitch-plate  girder, 
and  it  bends  at  a  low  temperature  when  exposed  to  fire.     Since  the 
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fiitch-plate  girder  has  the  plate   incased  in  wood  it  protects  the 
metal  until  the  wood  is  destroyed. 

102.  WOODEM  GIRDERS.  In  brick  dwellings  girders  are 
generally  used  for  supporting  the  first  floor  only  and  in  the  same  way 
as  described   in  Art.  89.     In   heavier  buildings   the  load  on  the 
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girders,  becomes  so  great  that  it  is  necessary  to  utilize  the  full 
section  of  the  girder  and  very  often  steel  beams  are  required.  In 
mercantile  buildings  and  warehouses  girders  are  sometimes  dropped 
below  the  beams,  so  as  to  avoid  framing  the  latter  into  them. 

r.  Heavy  Wooden  Girders.  When  heavy  wooden  girders  must 
be  kept  flush  with  the  joists  the  latter  should  be  supported  by  joist- 
hangers  or  stirrups.     In  lighter  construction,  where  it  is  necessary 


^■furring*     ^' 


Fig.  Sg.    Framing  Joitts  to  Heavy  Built-up  Wooden  Girder. 

to  make  girders  deeper  than  the  floor-joists,  "bearing-strips"  are 
frequently  spiked  and  bolted  to  the  bottom  of  the  girders,  as  shown 
in  Fig.  89.  The  depth  of  these  pieces  should  be  at  least  4  inches 
for  lo-inch  joists,  5  inches  for  12-inch  joists  and  6  inches  for 
14-inch  joists.  Three-quarter- inch  bolts,  spaced  from  16  to  20 
iiKhes,  may  be  used  for  lo-inch  joists,  and  %-inch  bolts,  spaced 
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Fig.  9Q.     Framing  Joisls  lo  licav/  Wooden  Girder. 

20  and  16  inches  respectively,  for  12  and  14-inch  joists.  The  bolts 
should  be  placed  a  little  above  the  center  of  the  bearing-strips,  and 
the  ends  of  the  joists  should  be  spiked  to  the  sides  of  the  girders, 
as  shown  in  the  figure.  For  heavier  construction,  however,  the 
joists  should  be  hung  in  hangers  or  stirrups,  as  shown  in  Figs.  51 
and  81.  Figs.  89  and  90  show,  also,  the  manner  of  strapping  or 
furring  the  girders  for  lathing. 
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In  designing  the  girders  it  should  be  remembered  that  deep 
girders  are  more  economical  than  shallow  ones;  and  that  when 
framed  flush,  or  nearly  so,  on  top,  they  prevent  the  passage  of  fire 
through  the  floors. 

2.  Built-up  Wooden  Girders.  In  many  localities  it  is  impossible 
to  obtain  large  timbers  without  making  a  special  order  for  them 
from  the  mills,  while  planks  of  almost  any  size  can  be  readily 
obtained,  and  generally  at  a  less  price  per  thousand  feet.  In  such 
cas^s  the  girders  may  be  built  up  of  several  planks  placed  side  by 
side  and  bolted  together,  as  in  Fig.  89.  The  planks,  however, 
should  always  break  joints  over  supports.  The  bolts  need  not 
be  larger  than  5^  of  an  inch  in  diameter  and  may  be  spaced  2  feet 
on  centers,  in  staggered  rows,  two  bolts  being  placed  at  each  end 
of  the  girder.  When  each  plank  is  the  full  length  of  the  girder, 
the  only  use  of  the  bolts  is  to  keep  the  planks  together  and  to  dis- 
tribute the  load  on  all  the  planks. 

The  author  believes  that  girders  built  up  in  this  way  are  better 
than  solid  girders  and  that  they  are  of  equal  if  not  of  greater 
strength.  They  are  not  as  apt  to  warp  and  there  is  less  chance  of 
using  decayed  timber.  They  are  objected  to,  however,  by  the  fire 
underwriters,  as  sparks  are  apt  to  lodge  between  the  timbers,  during 
a  fire,  sometimes  causing  a  later  breaking  out  of  the  flames.  (See, 
also.  Art.  loi.) 

103.  STEEL-BEAM  GIRDERS.  When  steel-beam  girders 
are  used,  and  it  is  necessary  to  keep  the  tops  of  the  joists  and 
girders  flush,  hangers  or  shelf-angles  are  used.  In  case  shelf-angles 
are  used,  however,  they  must  be  riveted  to  the  web  of  the  I  beam ; 


.^_ 


Fig.     91.      Framing 

Vroodcn  Girder  to  I 

Beam. 


Fig.  92.     Duplex  I-Beam  Hanger. 


whereas  when  stirriips  are  used,  as  in  Fig.  91,  the  same  result  is 
accomplished  by  simply  catching  them  over  the  beam-flange.  The 
steel  stirrups  can  be  made  to  carry  the  joists  flush  with  the  bottom 
of  the  I  beams,  or  at  any  height  desired.  With  the  types  of  I-beam 
hangers  shown  in  Figs.  92  and  93,  the  joists  are  framed  flush  with 
the  bottom  flanges  of  the  I  beams.    When  the  joists  are  raised  above 
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the  lower  flanges  of  the  I  beams,  up  to  3  inches,  the  hanger  shown 
in  Fig.  94  is  used.  This  is  called  a  "shelf -hanger"  and  has  a  shelf 
to  raise  the  joists  to  the  required  height.  Fig.  95  shows  the  type 
of  hangers  used  when  the  joists 
are  raised  more  than  3  inches 
above  the  lower  flange  of  the  I 
beam.  The  various  "Duplex"  I- 
beam  hangers  are  so  constructed 
that  all  the  load  is  carried  on  the 
lower  flange  of  the  I  beam,  and 
this  construction  is  universally  approved.  Particular  care  should  be 
taken  to  frame  the  joists  at  least  ^  of  an  inch  above  the  top  Range 
of  the  I  beam  and  thus  allow  for  the  shrinkage. 


ming  Jobll   t 


For  ordinary  construction  the  method  illustrated  in  Fig.  96  is 
frequently  used.  The  framing  and  furring  is  easily  arranged  for 
lathing,  or  for  casing.     The  floor-joists  may  be  supported  by  bolt- 


WOODEN  FRAMING. 


129 


ing  3  by  4-inch  hard-pine  strips  to  the  beam  as  shown.  As  the 
strips  have  a  bearing  on  the  lower  flange  of  the  beam,  they  need 
not  be  more  than  4  inches  deep,  even  for  14-inch  joists.  This  is 
not  considered  the  best  construction,  however,  and  a  shelf-angle, 
riveted  to  the  web,  as  illustrated  in  Fig.  97,  is  preferable  to  the 
bolting  of  a  strip  to  the  web. 


Fig.   97.     Framing   Toists   to   I   Beam 
with   Shelt-Angle. 


Fig.  98.    Framing  Joist  to 
I  Beam  with  Wooden 
Cleat. 


Whichever  of  the  last  two  methods  of  supporting  the  joists  is 
employed,  as  above  described,  a  sufficient  number  of  bolts  or  rivets 
should  be  used  to  sustain  the  load  carried  by  the  strips  or  angles. 
Each  ^-inch  bolt  may  be  allowed  to  support  3,000  pounds  on  each 
side  of  the  girder,  and  each  %-inch  bolt,  4,000  pounds.  Figs.  98 
and  99  are  open  to  objection  on  account  of  the  weakening  of  the 
joists  when  loaded.    The  joists  are  sometimes  placed  directly  on 


Fig.    99.     Framing    Joist    to 
Beam   with    Steel   Angle. 


Fig.    100.     Framing  Joist 
to  I  Beam.     Joist  Rest- 
ing on  Lower  Flange. 


the  lower  flange,  as  in  Fig.  100.  In  most  cases,  however,  this  does 
not  give  sufficient  bearing  for  the  joists  unless  the  Bethlehem 
girder-beams  are  used.  (See,  also,  Chap.  VII,  "Mill-Construc- 
tion.") 

104.  STIFFENING  A  WEAK  FLOOR.  A  floor  that  sags  or 
springs  considerably  under  moving  loads  may  be  made  much  stiffer 
by  taking  up  a  couple  of  floor-boards  every  6  feet  in  the  length  of 
th^  floor  and  fitting  slightly  wedge-shaped  blocks  between  the  joists, 
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in  a  continuous  line,  as  shown  in  Fig,  loi.    The  blocks  should  be 
cut  from  3-iiich  planks,  the  full  depth  of  the  floor-joists,  and  cut  so 
that  the  grain  of  the  wood  will  be 
at   right-angles   to  the   joists,  and 
so  that  they  may  not  become  loose 
as  the  wood  shrinks.     Before  put- 
ting   the    blocks    in    place,    holes 
should  be  bored  through  the  cen- 
ters of  the  joists  and  a  ij4-inch 
rod   passed   through   all   of   them, 
the  rod  having  a  head  on  one  end 
and   a   nut   on   the   other.     After 
Fig.  loi.  """'jd^^^.f  siiRening  a  Weak  the  rod  is  in,  the  blocks  should  be 
fitted  closely  in  place  and  the  nut 
then  screwed  up  until  the  floor  becoihes  crowned,  owing  to  the 
shape  of  the  blocks.     A  floor  crowned  in  this  way  acts  like  a  truss, 
and  will  be  much  stiffer  under  a  moving  load  than  when  simply 
bridged  in  the  ordinary  way ;  although  the  strength  of  the  floor,  to 
support  a  distributed  load,  such  as  grain  or  large  boxes  of  mer- 
chandise, is  in  no  way  increased.     If  the  floor  and  ceiling  must  be 
kept  perfectly  level  the  upper  surfaces  of  the  joists  will,  of  course, 
either  have  to  be  dressed  off  or  the  floor  furred  to  a  level ;  and  the 

ceiling,  also,  will  have  to  be  furred.  /noORmc 

IDS.     FLOORS  WITH  INDEPEND- 
ENT  CEILING-JOISTS.     Floors   have 
frequently   been    constructed    with    inde- 
pendent timbers  for  the  floor  and  ceiling,      .^^_,__^^ 
the  ceiling-joists  being  placed  between  the  "'CEiLma 

floor-joists,  as  shown  in  the  cross-section,     '''*'pen";nt''crifin7joi»ia!'"^ 
Fig.  I02. 

The  object  of  using  two  sets  of  joists  is  to  prevent  the  passage  of 
sound,  and  sometimes,  as  in  dance-halls,  to  prevent  the  vibration 
of  the  floor  being  communicated  to  the  ceiling.  While  this  con- 
struction is  undoubtedly  the  one  best  adapted  (when  wood  must  be 
used)  to  effect  these  results,  it  is  very  objectionable  from  the  stand- 
point of  fire-protection,  as  it  affords  free  passage  for  flames  in 
both  directions  and  as  the  material  is  so  disposed  as  to  be  rapidly 
consumed.  It  should,  therefore,  never  be  used  in  public  buildings 
unless  protected  underneath  by  metal  lath  and  plaster  and  above 
by  some  fire-proof  material,  such  as  "Salamander,"  laid  between  the 
floor-boards.  This  is  not  an  economical  construction,  as  it  requires 
much  more  lumber  to  obtain  the  same  degree  of  stiffness  for  both 
floor  and  ceiling,  when  divided  into  two  tiers  of  joists,  than  it  does 
when  all  the  wood  is  in  one  tier. 
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It  has  been  a  common  custom,  also,  in  the  construction  of  school- 
house  floors,  in  some  sections  of  the  country,  to  lay  2  by  4-inch 
scantlings  on  top  of  the  floor-joists,  and  at  right-angles  to  them, 
for  the  purpose  of  ventilating  the  rooms  through  the  floors  into 
the  vent-shafts.  Such  construction  should  never,  under  any  cir- 
ciunstances,  be  adopted,  as  it  forms  a  veritable  fire-trap  in  case  a 
fire  should  be  started  in  the  room  above. 

5.    PARTITION-CONSTRUCTION. 

106.  SIZES  AND  SPACING.  The  partitions  in  buildings  of 
ordinary  construction  are  usually  built  of  2  by  4-inch  studding, 
spaced  either  12  or  16  inches  on  centers,  giving  five  or  four  nailings 
respectively,  to  the  laths.  For  bearing-partitions,  and  also  where 
the  stories  exceed  9  feet  6  inches  in  height,  the  spacing  should 
not  exceed  12  inches,  as  i6-incli  spacing  does  not  give  sufficient 
stiffness  for  first-class  buildings.  For  partitions  exceeding  11  feet 
in  height  5-inch  or  6-inch  studding  should  be  used.  A  partition  built 
of  2  by  5-inch  studding,  spaced  16  inches  on  centers,  is  much  stiffer 
than  one  built  of  2  by  4-inch  studding  12 

inches  on  centers,  although  the  latter  con- 
tains more  lumber.  A  spacing  of  16  inches, 
however,  docs  not  make  as  stiff  a  job  of 
plastering,  and  for  this  reason  a  spacing  of 
12  inches  is  to  be  preferred  in  the  belter 
class  of  houses,  no  matter  what  the  size  of 
the  studding  may  be.  Five  or  6-inch  stud- 
ding allows  much  more  room  for  furnace- 
pipes  and  soil-pipes  than  the  4-inch  stud- 
ding. 

107.  SUPPORTS  FOR  PARTI- 
TIONS. In  putting  up  the  partitions  it  is 
important  to  build  them  so  that  there  will 
be  as  little  settling  as  possible  from  shrink- 
age. The  ordinary  method  of  building 
partitions,  particularly  in  buildings  not 
superintended  by  an  architect,  is  that  indi- 
cated in  Fig.  103,  which  shows  the  studding 
of  a  first-story  and  the  lower  part  of  a 
second-story  partition.  From  an  inspection 
of  this  figure  it  will  be  seen  that  there  are 

37    inches   of   horizontal   timber   between    Fie-  103.    Fauiijr  Mtthod  of 
the   top   of   the   basement   piers   and   the 

bottom  of  the  second-story  studding;  and,  as  ordinary  spruce  or 
white-pine  timber  will  shrink  across  the  grain  about  yi  inch  per 
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foot,  it  would  probably  be  found  at  the  end  of  one  or  two  years 
that  the  second-story  partition  had  settled  i^  inches,  and  that  the 
third-story  or  attic  joists  had  settled  with  it.  The  endwise-shrink- 
age  of  timber  is  imperceptible.  If  the  first  and  second-floor  joists 
were  supported  at  the  outer  ends,  as  shown  in  Fig.  35,  there  would 
be  but  14  inches  of  horizontal  timber  between  the  foundation- wall 
and  the  second-floor  joists,  the  sill  being  6  inches  and  the  girt  8 
inches,  which  would  only  allow  a  shrinkage  of  about  j4  an  inch;  so 
that  the  inner  ends  of  the  second-floor  joists  in  a  wooden  building 
constructed  in  this  way  would  be  about  J^  of  an  inch  lower  than  the 


Hg.  104-     Correct  Method  of  Building  Partiliont. 

outer  ends  when  the  timber  had  time  to  shrink.  In  a  brick  building 
the  difference  in  height  between  the  outer  and  inner  ends  of  the 
second-floor  joists  is  still  greater,  as  the  settlement  of  brickwork  in 
the  height  of  one  story  is  hardly  noticeable.  It  is  from  this  cause 
more  than  from  any  other  that  cracks  in  the  plastering  of  dwellings 
are  so  common,  and  that  in  partitions  running  parallel  with  the 
joists,  the  doors  will  not  shut  after  a  year  or  two.  It  is  not  always 
possible  to  overcome  all  settlement  from  shrinkage,  but  any  con- 
siderable settlement  can  generally  be  avoided.  (See,  also.  Art.  16.) 
This  is  one  of  the  many  details  in  which  architects'  houses  excel 
those  of  the  speculative  builder.    If  the  girder  supporting  the  first 
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floor  had  been  framed  flush  with  the  joists  and  the  second-story 
studding  supported  on  the  cap  of  the  first-story  partition,  as  shown 
in  Figs.  104,*  105  and  106,  there  would  have  been  only  about  15 
inches  of  horizontal  wood  below  the  second  floor ;  so  that  both  ends 
of  the  joists  would  have  settled  about  the  same  amount.     Hence  in 


Fig.  X05.     Continuous  Bearing  Partition. 


all  cases  wherej,  a  partition  in  the  second  story  comes  ov^r  one  be- 
low, the  second-story  studding  should  rest  on  the  cap  of  the  lower 
partition,  and  the  lower  studding  should  rest  directly  on  the  girder, 
if  there  is  one.  If  the  partitions  run  the  same  way  as  the  floor- 
joists  they  should  be  constructed  as  shown  in  Fig.  106,  the  floor- 
joists  next  to  the  partition  being  kept  away  2  inches  to  aflford  nailings 

*  The  use  of  plaster  deafening  between  the  over  and  underfloors  is  now  generally 
abandoned,  as  it  works  loose  after  a  time  and  the  plaster  dust  is  apt  to  come  up 
through  the  floor-cracks.  It  is  abandoned  in  wood  mill-floor  construction  also,  as  there 
the  plaster  dust  gradually  works  down  through  the  flooring- joints  and  onto  the  machinery. 
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for  the  finished  floor-boards.  Figs  104,  105  and  106  show  con- 
tinuous bearing-partitions.  Figs  107  and  i(^  show  discontinuous 
non-bearing  partitions. 


Fig.  loe.     Two-SlDiy  Partition  Parallel  with  Joitta, 

When  the  partilion  does  not  come  over  a  girder  or  over  a  par- 
tition it  is  obvious  that  it  must  be  supported  in  some  way  by  the 
floor-timbers.  When  the  partition  runs  parallel  with  the  joists 
it  is  often  supported  by  placing  doubled  joists  in  the  floor  directly 
under  the  ^  partition.  This  method  is 
objectionable,  however,  for  two  rea- 
sons, (a)  If  the  beam  thus  made  is 
not  at  least  3  inches  wider  than  the 
partition  it  does  not  give  a  nailing  for 
the  ends  of  the  finished  floor-boards; 
and  (b)  if  there  are  any  pipes  to  be 
run  up  in  the  partition,  as  is  often  the 
case  in  first-story  partitions,  the  beam 
must  be  badly  cut  into  to  let  them  pass. 
For  these  reasons  it  is  better  to  use  two 
joists  spaced  about  6  inches  apart  and 
bridged  every  16  or  18  inches  with  plank  bridging,  as  shown  in  Fig, 
107,  the  grain  of  the  bridging  being  always  horizontal.  This  gives  a 
good  nailing  for  the  floor-boards  and  allows  hot-air  pipes  to  be  car- 
ried up  in  the  partition  without  cutting  any  timber.  Fig.  108  shows, 
also,  the  doubling  of  the  joists,  with  a  space  left  between  them. 
Each  of  the  two  joists  which  support  the  partition  should  be  at 


1  Su  potted  by 
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least  3  inches  thick,  and  in  some  cases  it  may  be  necessary  to  make 
them  each  4  inches  thick,  as  any  bending  in  them  will  cause 
the  partition  to  settle  a  corresponding  amount;  and  if  the  parti- 
tion-bearing joists  bend  more  than  the  other  floor-joists  the  differ- 
ence in  the  amount  of  deflection  will  be  apparent  in  the  ceiling. 


Fig.   108.     Discontinuous  Non-Bearing  Partition. 

Whenever  a  partition  rests  on  top  of  the  beams  or  flooring  it 
will,  of  course,  settle  an  amount  equal  to  the  shrinkage  of  the 
joists;  and  in  brick  buildings  this  is  often  sufficient  to  cause  a  crack 
to  appear  at  the  angle  formed  by  the  partition  and  outside  wall. 

In  first-class  brick  dwellings,  therefore,  the  only  sure  provision 
against  cracks  is  to  support  all  partitions  either  on  steel  beams  or 
in  the  manner  shown  in  Fig.  109,  when  they  cannot  be  supported 
on  partition-caps.  Steel  beams  undoubtedly  make  the  best  sup- 
ports, but  where  they  cannot  be  used,  either  on  account  of  the  cost 
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or  the  necessity  of  placing  pipes  in  the  partitions,  the  effect  of 
shrinkage  may  be  overcome  by  screwing  to  the  bottom  of  the  joists 


'^i  Iron  plate. 


Fig.  109.     Supports  for  Partitions  to  Prevent  Shrinkage-Cracks. 


■4Angle, 

Fig.  no.     Supporting  Partition  on  Steel  I  Beam. 

iron  plates  for  the  studding  to  rest  on.  These  plates  are  about  4 
inches  wide  and  J^  or  J^  of  an  inch  thick  and  are  secured  in  place 
with  4-inch  lag-screws  as  shown  in  Fig.  109. 
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If  the  joists  are  then  made  of  ample  strength  there  can  be  no 
settlement  in  the  partitions  and  consequently  no  cracks  in  the  plaster 
from  that  cause.  When  the  partitions  are  supported  in  this  way 
the  ceilings  should  be  furred  with  i-inch  strips  for  lathing.  When 
steel  beams  are  used  they  should  be  at  least  i  inch  less  in  depth 
than  the  wooden  beams  to  allow  for  shrinkage  in  the  latter. 

When  a  partition  runs  at  right-angles  to  the  joists,  it  is  generally 
supported  simply  by  a  "sole-piece"  laid  across  the  joists  or  on  top 


Fig.  III.     Framing  Supported  on  Steel  I  Beams  Around  FloOr- 

Openings. 

of  the  underfloor,  as  in  Fig.  103;  and  in  this  case  the  joists  must 
be  stiff  enough  to  support  the  concentrated  weight  from  the  parti- 
tion. It  should  be  remembered  that  the  load  from  a  partition  run- 
ning at  right-angles  to  the  joists  and  near  the  middle  of  the  span  has 
twice  the  destructive  effect  that  the  same  load  would  have  if  uni- 
formly distributed;  and  no  increase  in  resistance  is  in  this  case 
gained  by  bridging.  If  there  should  be  wide  openings  in  such  a 
partition,  the  floor-joists  under  the  studding  at  the  side  of  the  open- 
ings should  be  increased  in  width  or  number  in  proportion  to  the 
weight  coming  upon  them.  This  is  an  important  point  in  con- 
struction and  one  often  overlooked. 
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io8.  STEEL-BEAM  PARTITION-SUPPORTS.  The  effect 
of  the  shrinkage  of  the  joists  on  a  partition  supported  in  this  way 
is,  of  course,  the  same  as  in  the  case  above  mentioned,  and  it  can 
be  counteracted  in  the  same  way.  If  a  steel  beam  is  used  to  support 
a  partition,  however,  it  will  be  necessary  to  frame  the  joists  into 
it,  as  shown  in  Fig.  no,  or  in  Figs.  91,  92,  93,  94,  95,  97,  98,  99, 
and  100. 

In  first-class  brick  dwellings  all  first-story  partitions  should 
be  supported  by  either  steel  beams  or  brick  walls.  If  the  first-story 
partition  supports  another  in  the  second  story,  the  beam  must,  of 
course,  have  sufficient  strength  and  stiffness  to  support  all  the  par- 
titions above  it  without  undue  deflection.     It  is  also  desirable,  in 


Fig.  1 1  a.     Trussed  Partition. 

brick  buildings  at  least,  to  support  the  partitions  and  floor-joists 
around  stairways  with  steel  beams,  as  shown  in  Fig.  in. 

When  a  partition  is  continuous  with  one  below,  as  is  often  the 
case,  the  studs  should  be  halved  over  the  beam,  to  the  partition- 
head  below,  so  as  to  afford  a  nailing  for  the  laths  and  to  prevent 
cracks  in  the  plastering. 

It  sometimes  seems  necessary  to  support  part  of  a  second-story 
partition  on  a  partition-cap  and  part  on  the  floor-joists,  but  this  can 
generally  be  avoided  by  using  the  plates  shown  in  Fig.  109. 

109.  TRUSSED  PARTITIONS.  Where  a  partition  runs 
parallel  with  the  joists,  and  comes  over  a  room  below  of  consid- 
erable width,  it  may  be  prevented  from  sagging  by  trussing,  as 
shown  in  Fig.  112.  The  extra  cost  of  trussing  is  very  small  and 
by  its  use  sagging  can  be  entirely  prevented;  and  if  the  rods  and 
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braces  are  properly  proportioned,  the  partition  may  be  used  to  sup- 
port floors  or  other  partitions  above.  A  partition  of  this  kind  should 
be  slightly  crowned,  as  the  truss  is  sure  to  settle  a  little  when  the 
timbers  have  seasoned.  When  a  truss  is  employed  care  should  be 
taken  to  see  that  the  supports  under  its  ends  are  ample.  Trussing, 
however,  will  not  prevent  settlement  from  shrinkage  unless  the 
bottom  member  of  the  truss  is  thoroughly  seasoned. 

no.  PARTITION-HEADS.  The  top  of  all  wooden  partitions 
generally  consists  of  a  piece  of  studding  called  the  "cap,"  which  is 
spiked  to  the  upper  end  of  the  studding  before  the  partition  is 
raised.  When  the  partition  runs  at  right-angles  to  the  floor-beams 
above,  the  cap  is  fitted  against  the  under  side  of  the  joists.  When 
the  partition  is  parallel  with  the  floor-beams  above,  and  the  latter 
are  "strapped"  or  "cross-furred"  underneath,  the  cap  is  nailed  to 
the  under  side  of  the  strapping  or  furring,  as  shown  in  Fig.  106. 

If  the  ceiling  is  not  strapped,  thea  the  cap  should  be  secured 
about  every  3  feet  by  means  of  cross-pieces,  C,  Fig.  113,  spiked 
between  the  joists  and  to  the  top  of  the  cap.  Pieces  of  boards 
about  3  inches  wider  than  the  cap  are  then  spiked  on  top  of  the 
latter  to  receive  the  aids  of  the  laths. 

In  cheap  work  the  cap  A,  Fig.  1 13,  is  sometimes  omitted,  and  the 
board  B  is  nailed  directly  to  the  studding,  the  latter  being  cut  so 
that  the  under  side  of  the  board 
is  level  with  the  bottom  of   the 
joists.     The   cross-pieces,   C.  are 
then  nailed  above  the  board. 

When  the  span  of  the  floor- 
joists  is  more  than  12  feet,  the 
cap  of  all  bearing-partitions 
should  be  3  inches  thick ;  and  if 
the  span  is  over  16  feet  and  the 

studs  16  inches  on  centers,  the  p;^  „j  p»rtHion.H«d,  showing  c»p. 
cap  should  be  4  inches  thick.     In 

first-class  work  it  is  customary  to  specify  long-leaf  Southern  yellow 
pine  or  Douglas  fir  {Oregon  pine)  for  the  partition-caps,  as  these 
woods  are  much  stiffer  than  spruce  or  white  pine  and  not  so  apt  to 
warp. 

During  the  construction  of  a  building,  precaution  should  be  taken 
to  See  that  the  ends  of  heavy  timbers,  or  the  studs  at  the  sides  of 
wide  openings,  are  properly  supported  when  they  come  over  spaces 
between  the  studs  below. 

in.  CORNERS  OF  INTERSECTING  PARTITIONS. 
The  comers  of  all  intersecting  partitions  should  in  all  cases  be  made 
solid,  as  at  a  or  h.  Fig.  114.    The  arrangement  shown  at  a  is  the 
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best,  but  b  answers  very  well  if  the  middle  stud  is  nailed  to  the 
horizontal  bridging  between  the  other  two.  In  no  case  should  the 
laths  be  permitted  to  run  by  the  end  of  a  partition.     Where  the 


Fig.      115. 


Trussed      Opening 
Partition. 


in 


Fig.   114.    Joining  Intersecting  Partitions. 

m 

partition  joins  an  outside  wooden  wall  the  corners  should  be  made 

solid  in  the  same  way.     When  the  partition  comes  near  the  middle 

of  the  wall,  a  4  by  6  or  4  by  8-inch  post  should  be  set  in  the  wall 

opposite  the  partition,  as  shown  in  Fig.  104. 

Where  wooden  partitions  join  a 
brick  wall  it  is  a  good  plan  to  bolt 
the  last  stud  to  the  wall  once  or  twice 
in  the  height  of  the  story  by  ^-inch 
bolts  embedded  in  the  wall  as  it  is 
built.  This  strengthens  the  wall  and 
tends  to  prevent  cracks  in  the  angle 
formed  by  the  partition  and  wall. 

112.  TRUSSING  OVER  OPEN- 
INGS. At  the  sides  of  all  openings 
in    partitions    the    studs    should    be 

doubled,  and  the  partition  over  the  opening  trussed,  as  shown  in 

either  Fig.  115  or  Fig.  116. 
When  the  opening  does  not  exceed  3  feet,  and  there  is  no  weight 

resting  on  the  partition-cap,  the  trussing  may  be  omitted.     The 

"head"  of  the  opening 

should  always  be  formed  ^"^ 

of    two   pieces,    kept    i 

inch  apart  as  shown  in 

the  figure,  so  that  if  the 

upper  one  sags  it  will 

not  affect  the  lower  one 

to  which  the  door-finish 

is  nailed. 

113.    BRIDGING 

PARTITIONS.        All 


♦-— — 


3 


Fig.  116.     Truss  Over  Wide  Opening  in  Partition. 


partitions  should  be  bridged  at  least  once  in  their  height  with  2-inch 
bridging  the  full  width  of  the  studding.  The  pieces  should  be 
placed  horizontally,  as  shown  in  Fig.  103.     Bridging  stifiFens  the 
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partition  considerably  and  also  prevents  the  passage  of  fire  or  ver- 
min. When  a  partition  is  ceiled  or  wainscoted  Hush  with  the  plas- 
ter it  is  necessary  to  cut  in  bridging  between  the  studding  to  receive 
the  nails. 

114.  SLIDING-DOOR  PARTITIONS.  These  are  made  dou- 
ble, the  studs  being  set  about  4  inches  apart.  When  2  by  3  studs 
can  be  obtained  they  are  frequently  used  for  these  partitions,  other- 
wise 2  by  4  studs  must  be  used,  placed  either  flatwise  or  edgewise. 
With  studding  used  the  narrow  way  the  partition  is  hardly  stiff 
enough  for  stories  exceeding  9J^  feet  in  height  and  should  never 
be  used  for  first-class  work.  If  the  partition  is  a  bearing-partition, 
one  side  may  be  made  thicker  than  the  other  to  carry  the  floor 
above.  It  is  customary  in  the  better  class  of  buildings  to  sheath 
the  inside  of  the  partition  with  thin,  matched  boarding  to  prevent 
the  plaster  from  getting  on  the  tracks  or  in  any  way  interfering  with 
the  working  of  the  doors.  This  sheathing  should  be  put  on  when 
the  partition  is  set  up. 

115.  STAGGERED  PARTITIONS.  It  is  desirable  that  par- 
titions separating  two  tenements,  stores  or  apartments,  shall  trans- 
mit sound  as  little  as  possible.  The  transmission  of  sound  can  be 
prevented  to  a  great  extent  by  filling  the  partition-spaces  between  the 
studs  and  laths  with  mineral  wool  or  with  soft  bricks  laid  up  in  mor- 
tar. The  best  way  to  obtain  this  result,  however,  is  to  build  the  par- 
tition with  two  sets  of  studs,  stag- 
gered as  shown  in  Fig.  117,  the 
two  sets  being  kept  entirely  sep- 
arate and  independent  of  each  y 
other.     If  the  two  sides  of  the  «..  c  *•       *  c.        j  «  .-.. 

.  ,  .  Fig.    117.     Section  of   Staggered   Partition. 

partition  do  not  connect  m  any 

way,  or  touch  each  other,  there  will  be  very  little  sound  transmitted 
through  the  partition.  By  tacking  Cabot's  "deadening  quilt*'  to  one 
set  of  studs  the  deadening  will  be  nearly,  if  not  absolutely,  perfect 
and  the  quilt  will  also,  it  is  claimed,  retard  the  progress  of  fire. 
Heavy  felt  paper  may  be  used  instead  of  the  "Quilt,"  but  the  author 
believes  that  the  latter  is  the  better  material  for  the  purpose.  ( See, 
also,  Arts,  140  and  217.) 

116.  HOT-AIR  PIPES  AND  PLUMBING-PIPES.  The  po- 
sition of  pipes  of  all  kinds  should  be  carefully  considered  in  making 
the  plans  and  provision  for  them  made  in  framing  the  partitions  and 
floors.  When  a  4-inch  soil-pipe  is  carried  in  a  partition  the  stud- 
ding must  be  either  5  or  6  inches  wide,  or  the  partition  must  be 
furred  out  around  the  pipes. 

117.  FIRE-STOPS.  The  architect  who  is  mindful  of  the  in- 
terests of  his  client  should  always  take  such  precautions  as  he  can 
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to  make  his  building  not  only  strong  and  durable,  but  also  as  slow- 
buming  and  inaccessible  to  vermin  as  may  be  practicable.  This 
can  be  accomplished  without  much  additional  cost.  One  of  the  best 
preventives  to  the  progress  of  fire  is  the  stopping  of  all  spaces 
between  the  floor-joists  and  in  the  partitions  with  soft  bricks  or 
fire-proof  tiles  laid  in  mortar,  as  shown  in  Figs.  104  and  106.  The 
spaces  between  the  ends  of  the  first-story  joists  and  over  all  dropped 
girders  should  be  filled  with  brickwork  in  the  same  way.  This  will 
prevent  the  rapid  passage  of  fire  between  the  joists  from  one  side 


P«.  11S.     Firc-Stops  in  Slucco-Wall  Conitruction. 

of  the  building  to  the  other  and  up  through  the  partitions.  If  the 
partitions  are  bridged,  and  one  or  two  courses  of  bricks  in  mortar 
laid  on  top  of  the  bridging,  an  additional  fire-stop  is  provided.  If 
a  fire  can  be  prevented  from  ascending  in  the  partitions  and  spread- 
ing between  the  joists  for  fifteen  or  twenty  minutes  after  it  is 
discovered  it  can  generally  be  controlled  and  prevented  from  de- 
stroying the  building.  A  partition  which  rests  on  the  floor,  with 
no  partition  below,  should  have  a  piece  of  tin,  3  or  4  inches  wider 
than  the  partition,  placed  under  the  sole-piece,  as  shown  in  Fig.  107, 
If  the  building  has  a  balloon  frame,  2  by  4-inch  bridging  should  be 
cut  in  between  the  studs  of  the  oulside  walls,  just  below  the  ledger- 
board  or  false  girt,  and  brickwork  laid  on  top  to  a  level  at  least  5 
inches  above  the  top  of  the  joists.    This  will  not  only  prevent  fire 
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from  ascending  in  the  walls,  but  will  prevent  the  ledger-board  from 
being  quickly  burnt  through.  The  spaces  between  the  timbers 
around  smoke-flues  and  all  similar  places,  where  fire  or  mice  could 
pass  through,  should  be  filled  solid  with  mortar  or  mineral  wool.  In 
general,  fire  will  not  make  much  headway  where  there  is  no  draught ; 
and  pains  should  be  taken  to  prevent  the  passage  of  flames  through 
the  concealed  portions  of  a  building.  Mineral  wool  is  very  efiicient 
for  stopping  the  progress  of  flames  and  vermin  and  also  of  sound 
and  heat.  Fig.  118  shows  fire-stops  in  stucco-wall  construction.* 
The  illustration  shows  the  elevation  of  a  part  of  a  partition, 
with  wood  studs,  bridging,  metal  lath,  plaster  and  fire-stops  of  metal 
lath  and  plaster.  A  vertical  and  two  horizontal  sections  are  also 
shown. 

6.    ROOF-CONSTRUCTION. 

118.  PITCHED  ROOFS.  The  proper  construction  for  a  roof 
depends  in  a  great  measure  upon  the  shape  of  the  roof,  the  size  and 
arrangement  of  the  building  and  the  use  that  is  to  be  made  of  the 
enclosed  space  or  "attic."  The  shape  of  the  roof  should  be  gov- 
erned principally  by  the  size  and  plan  of  the  building,  the  ex- 
ternal eflfect  sought  and  whether  or  not  the  roof-space  is  to  be  fin- 
ished. Before  describing  the  methods  of  construction  the  various 
shapes  of  roofs  will  be  briefly  considered  and  their  principal  parts 
defined. 

All  roofs  which  have  an  inclination  of  20  degrees  or  more  with 
a  horizontal  plane  are  called  "pitched"  roofs  and  those  whose  in- 
clination is  less  than  this  are  called  "flat"  roofs.  The  "pitch"  of  a 
roof  is  the  angle  of  inclination  which  the  rafters  make  with  a  hori- 
zontal plane.  It  is  sometimes  expressed  in  degrees,  but  more  often 
by  the  proportion  which  the  height  in  the  center  bears  to  the  span, 
or  by  the  rise  in  inches  for  each  foot  of  half-span.  The  last  method 
is  the  simplest  and  least  likely  to  be  misunderstood  and  is  preferred 
by  the  author. 

Below  are  given  the  rise  and  angle  for  the  most  common  pitches : 

Two-thirds    pitch    rise,  16  ins.  in  i  ft. ;  angle,  53**  52' 

Half-pitch   ("square"  pitch)    '*  12  ins.  in  i  ft;  "       45** 

One-third    pitch    "  8  ins.  in  i  ft;  "       33'' 41' 

One-fourth  pitch    "  6  ins.  in  i  ft;  **       26*^34' 

To  obtain  the  rise  of  a  roof  in  inches  per  foot,  multiply  the 
pitch,  expressed  as  a  fraction,  by  24. 

*  See  article  in  "Architecture/*  May,  1912,  on  "Metal  Lath  in  Residence  Constmo- 
tion/'  written  by  H.  B.  McMaster,  Associated  Metal  Lath  Manufacturers,  Youngs- 
town,  Ohio. 
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Fig.  119  is  a  dia^am  showing  conveniently  the  wind-pressura 
for  various  angles  of  inclination  of  roof-sur faces,  the  percentage 
of  increase  of  roof-area  and  of  approximate  increase  in  cost  from 
flat  to  steep  roofs,  the  inclines  or  pitches  expressed  fractionally  and 
in  degrees  and  minutes  and  the  rise  in  inches  per  horizontal  foot. 
The  general  form  of  this  diagram  is  adapted  from  an  original  copy- 


Fig.   119.     Diaimni  for  Wind-Prcuure  on  Roofi. 

righted  diagram  loaned  through  the  courtesy  of  the  Barrett  Manu- 
facturing Company,  New  York  City. 

In  deciding  the  pitch  of  the  roof  for  any  given  building  the 
following  conditions  should  be  considered:  appearance  (in  con- 
nection with  the  style  of  architecture),  climate,  nature  of  the  cover- 
ing and  cost.  For  dwellings,  churches,  etc.,  external  appearance 
generally  determines  the  pitch,  while  for  factories,  sheds,  etc.,  the 
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last  two  conditions,  with  the  addition  of  practical  requirements,  are 
usually  the  controlling  ones. 

High-pitched  roofs  are  considered  best  adapted  to  climates  which 
have  considerable  rain  and  snow,  as  in  our  Northern  States,  while 
a  low  pitch  with  heavy  projections  seems  most  suited  to  warm  cli- 
mates. 

The  most  economical  pitch  for  small  buildings  is  that  which  has 
a  rise  of  about  9  or  10  inches  to  the  foot;  and  for  trussed  roofs, 
a  pitch  of  about  30  degrees.  Shingled  roofs  should  have  a  pitch  of 
at  least  6  inches  to  the  foot,  except  on  sheds  and  porches,  where 
it  may,  if  necessary,  be  reduced  to  4^  inches.  Roofs  covered 
with  slates  of  large  size  may  have  a  pitch  as  low  as  5  inches  to  the 
foot,  but  a  steeper  pitch  is  to  be  preferred.  Clay  or  metal  tiles 
should  in  general  have  a  pitch  of  at  least  7  inches  to  the  foot  and 
for  the  most  pleasing  effect  a  "square"  pitch  is  generally  necessary. 

119.  TYPES  OF  ROOFS.  The  simplest  roof  is  the  "lean-to," 
or  "shed"-roof,  which  has  one  slope,  as  shown  in  Fig.  120.  This 
roof  is  used  principally  on  sheds,  one-story  projections  and  porches 
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Fig  120.     Lean- to  or  Shed- Roof. 


Fig.  131.    Gable  or  V  Roof. 


Fig.  122.     Gambrel  Roof. 


Fig.  123.     Deck- Roof. 


The  roof  shown  in  Fig.  121  is  called  a  "gable,"  or  "V"  roof.  Next 
to  the  shed-roof  this  is  the  most  easily  constructed  and  the  most 
practical  roof  for  small  dwellings.  The  type  shown  in  Fig.  122  is 
called  a  "gambrel,"  or  "curb"  roof.  It  is  very  commonly  seen  on 
buildings  of  the  colonial  period  and  was  evidently  adopted  be- 
cause of  its  ample  attic-space,  without  the  great  height  of  the  V 
roof.  It  is  best  adapted  to  comparatively  wide  buildings  with  fin- 
ished attics.  It  requires  less  lumber  and  covering-material  than 
the  V  roof  for  the  same  span  and  gives  about  the  same  amount  of 
available  space  inside.    The  "Mansard,"  or  "French"  roof,  is  lik(S 
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the  gambrel  roof,  except  that  the  first  pitch  is  steeper.     The  Man- 
sard roof  generally  slopes  from  all  four  sides  of  the  building. 

When  a  roof  slopes  back  from  the  ends  of  a  building,  as 
well  as  from  the  sides  (Fig.  124),  it  is  called  a  "hipped"  roof,  and 
when  it  terminates  in  a  flat  roof,  as  in  Fig.  123,  it  is  called  a  "deck"- 
roof.  Considering  the  saving  in  the  gable-walls,  a  hipped  roof 
is  cheaper  than  a  gable  roof,  and  when  the  width  of  the  building  is 


Fig.   134.     Roof  Framing.     Canimon  Method. 

over  30  feet  a  deck-roof  is  still  cheaper.  Hipped  roofs  and  deck- 
roofs  are  commonly  used  on  large  buildings.  Mansard  roofs  are 
often  used  on  large  dwellings  and  also  on  hotels  and  office-buildings, 

120.  ORDINARY  ROOF-CONSTRUCTION.  The  common 
method  of  framing  wooden  roofs  is  illustrated  in  Fig.  124,  The 
timbers  which  support  the  roof-boarding  are  called  "rafters"  which 
are  supported  at  or  near  the  lower  ends  by  the  "wall-plates"  and 
at  the  upper  ends  by  the  "ridge-pole"  or  by  another  rafter.  At  all 
ridges  or  valleys  larger  timbers  are  placed  to  receive  the  ends  of  the 
roof-boards,  and  also  of  the  short  pieces  of  rafters.  The  timbers 
under  the  hips  and  valleys  are  called  "hip-rafters"  and  "valley-raft- 
ers," respectively,  and  the  rafters  which  cut  against  them  are  called 
"jack-rafters,"  When  the  length  of  the  rafters  is  over  18  feet  they 
should  be  supported  somewhere  near  the  middle  of  their  span.  In 
dwellings  this  is  generally  done  by  means  of  studs  or  partitions,  but 
sometimes  by  "collar-beams."  In  larger  buildings  the  center  sup- 
port is  furnished  by  means  of  "purlins"  resting  either  on  trusses  or 
on  posts  set  over  the  interior  walls  or  columns. 

121.  LAYING  OUT  ROOF-PLANS.  To  lay  out  a  pitched 
roof  for  an  irregularly  shaped  building  so  that  it  will  look  well  and 
properly  support  itself  and  the  loads  liable  to  come  upon  it,  requires 
some  experience.     The  method  which  the  author  has  always  fol- 
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lowed  in  designing  a  pitched  roof,  where  a  building  has  an  irregular 
plan,  is  to  draw  an  outline-plan  of  the  walls  and  on  this  to  construct 
the  greatest  rectangle  that  can  be  inscribed  in  it.  This  rectangle  can 
then  be  covered  with  a  hipped  roof  to  which  the  various  projections 
are  subordinated. 

Thus,  in  Fig.  125  is  shown  the  outline  of  a  building  which  is  to 
be  covered  with  a  pitched  roof.  The  greatest  rectangle  that  can 
be  drawn  within  these  lines  is  indicated  by  the  letters  abed. 
From  the  corners  of  this  rectangle  lines  are  drawn  at  4S-degrees 
until  they  intersect  and  the  two  points  of  intersection  are  joined. 
The  45-degree  lines  represent  the  hips  of  the  roof  and  the  connecting 
line  the  plan  of  the  ridge.    The  length  and  position  of  these  lines  in 


the  roof-plan  will  be  the  same  for  any  degree  of  inclination  of  the 
roof,  provided  all  parts  of  the  roof  have  the  same  pitch.  Having 
obtained  the  lines  of  the  main  body  of  the  roof,  the  roof-lines  of 
the  various  projections  are  drawn,  all  of  them,  at  first,  for  hipped 
roofs.  Afterwards  the  hip-lines  are  erased  and  the  ridge  extended 
if  a  gable  is  preferred.  The  lines  of  the  main  hips  below  the  inter- 
sections of  the  subordinate  ridges,  as  at  h  and  i,  should  also  be  erased. 
If  the  width  of  a  projection  is  so  great  that  its  ridge  comes  too  high 
up  on  the  main  roof,  such  projection  can  be  roofed  by  a  double  gable, 
as  at  G  G,  or  by  two  three-quarter  gables.  The  portion  of  the  roof 
e  between  the  gables  will,  of  course,  have  a  much  flatter  pitch  than 
that  of  the  gable  roofs  themselves,  but  it  is  not  usually  seen  from  the 
ground. 

If  a  deck  is  designed  it  can  be  indicated  by  drawing  a  rectangle, 
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/  f,  between  the  hip-lines  at  any  desired  point  above  the  subordinate 
ridges. 

Although  the  roof-plan  shown  in  Fig.  125  is  a  comparatively  sim- 
ple one,  the  method  used  in  laying  it  out  can  be  extended  to  the  most 
complicated  plan,  provided  the  plates  arc  all  on  the  same  level.  If 
part  of  the  roof  starts  from  a  different  level  the  plan  must  then  be 
worked  out  in  connection  with  the  elevations. 

122.  FRAMING-PLAN'S.  After  the  lines  of  the  roof  have 
been  decided  upon,  a  plan  of  the  framing-timbers  should  be  drawn. 
The  hips  and  valleys  are  drawn  first  and  then  the  common  and 
jack-rafters,  leaving  proper  openings  for  chimneys,  dormers,  etc. 
Unless  there  is  scwne  special 
reason  for  doing  otherwise,  the 
common  rafters  should  be 
drawn  perpendicular  to  the 
walls  and  ridges,  as  this  brings 
a  large  part  of  the  weight  of 
the  roof  directly  onto  the 
walls ;  and  the  boards,  being 
put  on  horizontally,  furnish  a 
support  or  stage  for  the  work- 
men. 

Fig.  126  shows  the  framing- 
plan  of  an  ordinary  house- 
roof,  the  common  and  jack- 
rafters  being  indicated  by 
single  lines  and  being  spaced 
16  inches  on  centers.  Fig.  127 
shows  a  roof-plan  with  a  gable 
and  hip  and  a  dormer  pierc- 
Fig.  ..7.    «°,|f/;„7S|;^»,";  *""  <=»'"=.    ing    the     side    of    the    gable 

part. 
The  spacing  of  the  common  rafters  varies  much  with  the  custom 
of  the  locality;  in  some  places  16  inches  is  the  usual  spacing  and 
in  others  from  20  inches  to  2  and  even  3  feet.  When  the  spacing 
is  only  16  inches  the  rafters  are  often  lathed  on  the  under  side;  but 
when  it  exceeds  that  distance  the  rafters  must  be  furred  for  lathing. 
It  requires  less  lumber,  including  even  the  fur  ring-strips,  to  obtain 
the  same  strength  and  stiffness,  for  a  roof  with  rafters  spaced 
2  feet  on  centers  than  for  a  roof  with  rafters  only  16  inches  on  cen- 
ters. In  Boston  the  usual  spacing  of  roof-rafters  for  dwellings  is 
20  inches  on  centers,  and  in  Denver,  Colo.,  16  inches;  but  in  the 
latter  city  the  attic  lathing  is  applied  directly  to  the  rafters,  while 
in  Boston  the  laths  are  nailed  to  furring-strips.     The  Boston  method 
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results  in  more  even  surfaces  and  is  the  most  economical  construc- 
tion as  far  as  material  is  concerned;  but  it  involves  a  little  more 
labor  than  the  Denver  method. 

123.  DETAILS  OF  ROOF-CONSTRUCTION.  If  a  roof  is 
less  than  30  feet  in  span  and  the  plates  are  securely  tied  by  the  at- 
tic-floor joists,  no  interior  supports  are  needed,  as  the  roof  can  al- 
ways be  framed  so  as  to  be  entirely  supported  by  the  walls.  The 
common  rafters  should  be  at  last  2  by  6  inches  in  cross-section  for 
lengths  of  12  feet,  2  by  8  for  lengths  from  12  to  18  feet  and  2  by 
ID  for  lengths  over  18  feet.  As  a  rule  it  is  cheaper  to  reduce  the 
span  of  the  rafters  to  10  or  12  feet  by  using  purlins  or  partitions 
for  supports  than  to  use  heavier  rafters. 

Each  rafter  should  have  a  bearing  on  the  wall-plates  of  at  least 
2j4  inches  for  6-inch  rafters  and  3  or  4  inches  for  8  and  lo-inch 
rafters ;  and  they  should  also  be  securely  spiked  to  the  plates. 

At  the  ridge  the  rafters  should  be  spiked  to  a  plank,  as  shown  in 
Fig.  124.  Very  often  this  plank  is  omitted  and  the  upper  ends  of 
each  pair  of  rafters  are  spiked  together,  or  secured  by  a  short  piece 
of  board  nailed  across  the  ends,  as  shown  in  Fig.  129.  While  this 
method  gives  sufficient  strength,  it  is  more  apt  than  the  former 
method  to  result  in  a  crooked  ridge. 

The  upper  edge  of  each  hip-rafter  should  be  beveled  to  fit  the 
plane  of  the  roof  on  each  side  of  it. 

If  the  wall-plates  are  3  feet  or  more  above  the  attic  floor,  the 
rafters  or  plates  should  be  tied  to  the  floor-joists  by  inclined  braces 
or  ties,  as  shown  in  Fig.  128.  These  ties  may  be  of  i-inch  boards, 
but  should  be  securely  nailed  at  each  end  with  tenpenny  nails  and 
spaced  not  more  than  3  feet  apart.  They  should  not  be  placed  at  a 
greater  angle  than  45  degrees  with  the  floor-joists.  The  longer  the 
tie  the  greater  its  efficiency. 

In  a  roof  such  as  is  shpwn  in  Fig.  126,  with  a  principal  rectangle 
the  extreme  width  of  which  is  30  feet  or  less,  the  only  pieces  re- 
quiring especial  strength  are  the  valley-rafters.  These  timbers  have 
to  support  nearly  all  the  weight  of  the  roof  above  them  and  should 
be  calculated  accordingly.  One  of  each  pair  of  valley-rafters  should 
be  extended  to  the  main  ridge,  or  to  a  hip-rafter,  as  shown  in  Fig. 
126  at  cf  or  b,  and  also  in  Fig.  124.  If  this  is  not  done  there  will  be 
no  support  for  the  upper  end  of  the  valley,  unless  a  post  is  put 
in  the  attic  for  that  purpose.  In  roofs  of  moderate  size,  when  a 
main  hip  is  intercepted  by  a  subordinate  ridge,  as  at  h  and  b.  Fig. 
126,  it  is  customary  to  stop  the  hip  at  the  ridge  and  spike  the  two 
together ;  but  in  large  roofs  the  hip  should  be  extended  to  the  plates, 
as  at  b  c,  and  the  rafters  cut  against  it. 

A  roof  framed  as  in  Fig.  126  will  be  entirely  self-supporting  with- 
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out  interior  supports.  The  hip-rafters,  in  roofs  having  plates  well 
secured  and  tied,  are  supported  by  the  common  rafters,  and  do  not 
need  to  be  of  extra  size.  It  is  easier,  however,  for  nailing  and  for 
beveling  the  top  if  they  are  made  2  inches  deeper  than  the  jack- 
rafters.  Openings  for  dormers  should  have  double  or  triple  rafters 
at  each  side  and  a  header  at  the  top,  proportioned  to  the  sizes  of 
the  openings  and  the  area  of  roof  to  be  supported. 

124.  SIZES  OF  SPECIAL  TIMBERS  TO  BE  CALCU- 
LATED. It  is  impossible  to  give  any  rules  for  the  size  of  special 
timbers,  such  as  valleys,  headers,  etc.,  either  in  roofs  or  floors,  other 
than  those  for  the  strength  of  beams.  It  is  often  the  custom  merely 
to  make  such  timbers  double  or  triple  the  size  of  the  common  rafters 
or  joists;  but  such  practice  is  no  better  than  guesswork  and  the 
young  architect  should  early  accustom  himself  to  calculate  the  nec- 
essary sizes  of  such  timbers  for  the  weight  they  have  to  support. 

In  computing  the  strength  of  inclined  beams  to  support  a  vertical 
load  it  is  sufficiently  accurate  to  take  the  horizontal  projection  of  the 
beam  for  the  span,  using  the  same  formulas  given  for  horizontal 
beams. 


Fig.    laS    Tying   Rafters   to 
Floor-Joists. 


Fig.  129.     Pitched  Roof  Strengthened  by  Collar-Beams. 


125.  COLLAR-BEAMS.  A  pitched  roof  is  greatly  strength- 
ened by  nailing  ''collar-beams,"  or  horizontal  beams,  across  each 
pair  of  rafters  at  a  height  of  8  or  9  feet  above  the  attic  floor,  as 
shown  in  Fig.  129.  These  collar-beams  prevent  the  rafters  from  sag- 
ging, and,  if  the  attic  is  to  be  finished,  serve  also  as  ceiling-beams. 
The  rafters  are  usually  strengthened,  also,  by  studding  set  in  3  or  4 
feet  from  the  plates  to  form  the  walls  of  the  attic  rooms. 

126.  CURB  ROOFS  AND  MANSARD  ROOFS,  i.  Fart- 
ous  Types  and  Forms.  The  form  of  curb  roof  known  as  the 
"Mansard"  is  supposed  to  have  been  invented  by  Frangois  Mansard, 
a  distinguished  French  architect  of  the  seventeenth  century.     Roofs 
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of  this  shape  afterward  became  very  common  in  France  and  they 
are  therefore  often  referred  to  in  this  country  as  "French  roofs." 
Curb  roofs  were  very  commonly  used  on  the  early  colonial  build- 
ings of  this  country,  but  they  were  quite  different  in  their  propor- 
tions from  the  French  type.  The  colonial  curb  roof  received,  also, 
the  name  "gambrel  roof." 

By  means  of  a  Mansard  or  curb  roof  the  same  amount  of  available 
space  may  be  obtained  more  cheaply  than  by  means  of  a  gable  roof. 
The  outward  thrust  on  the  walls  is  not  as  great  with  a  Mansard  roof 
as  with  a  pitched  roof.  On  the  other  hand,  Mansard  roofs,  where 
they  stop  on  top  of  the  wall,  are  open  to  the  objection  that  the  gut- 
ters are  not  so  easily  freed  from  snow.  Such  roofs  are  considered 
more  inflammable,  also,  than  roofs  of  one-half  or  less  pitch. 

The  New  York  and  Chicago  building  laws  require  that  roofs  whose 
inclination  to  the  horizontal  is  greater  than  60  degrees  shall  be  of 
fire-proof  construction,  except  (in  New  York)  on  wooden  build- 
ings or  dwellings  less  than  40  feet  in  height. 

The  curb  roof  is  frequently  used  in  this  country  on  dwellings,  and 
particularly  on  those  in  the  colonial  style.  The  Mansard  was  the 
prevailing  type  of  roof  for  pretentious  dwellings  built  forty  years 
ago;  but  it  is  little  used  to-day  except  oc-  ^  ^ 

casionally  on  city  dwellings  built  in  blocks  '-^^^^^'^^'^''^^^^x 

and  on  public  buildings.     In  regard  to  the       ^/^^  ^^"^ 

proportion  or  pitch  of  Mansard  roofs  there      /  )\ 

appears  to  be  no  recognized  rule.  u  V 

Rivington's    "Notes    on.  Building    Con-     [" y 

struction,"  Part  II,  gives  the  method  shown  p.^  ^^^  ^^^^^^  ^^  ^^^^. 
in  Ficr.  1^0  for  determining  the  outline  of      mining  Outline  of  Cam- 

°        '^    -  -  ,  e    ^  A  •    •  brd    Roof. 

a  curb  or  Mansard  roof.     A  semicircum- 

ference  is  described  on  a  horizontal  line  connecting  the  wall-plates 

and  is  divided  into  five  equal  parts.     The  chords,  o  i  and  4  5,  give 

the  lower  lines  of  the  roof  while  the  upper  lines  are  obtained  by 

drawing  chords  from  i  and  4  to  the  middle  point  of  the  semicir- 

cumference. 

If  the  angles  of  the  roof  happen  to  lie  in  the  curve  of  a  parabola, 
instead  of  in  that  of  a  semi-circle,  the  beams  will,  theoretically,  be 
in  equilibrium ;  that  is,  the  outward  thrust  of  the  upper  rafters  will 
be  just  balanced  by  the  inward  pressure  of  the  lower  ones.  But  as 
any  inequality  in  the  loading,  or  the  least  wind-pressure,  immedi- 
ately disturbs  the  equilibrium,  this  consideration  is  not  of  much 
practical  importance.* 

As  a  matter  of  fact,  the  outline  of  both  Mansard  and  curb  roofs  is 

•See   "Hip  and   Jack-Rafters"   and  "Spans   for   Rafters."    "Architects*   and   Builders' 
Pocket-Book,"  by  F.  £.  Kidder. 


152 


B  UILDING'CONSTR  UCTION. 


(Ch.  II) 


generally  determined  by  considerations  of  exterior  design,  although 
the  pitch  of  the  upper  portion  depends  somewhat  upon  the  roof- 
covering,  a  rise  of  6  inches  to  the  foot  being  the  least  that  should  be 
given  to  roofs  that  are  to  be  covered  with  slates  or  shingles. 

For  curb  roofs  the  outlines  shown  in  Fig.  131  may  be  considered 
as  representative  of  American  practice.  Diagram  A  is  the  outline 
of  one  end  of  the  Governor  Brooks  house,  built  in  1764,  at  Med  ford, 
Mass.,  and  is  fairly  typical  of  the  roof-outlines  of  that  period.    Dia- 


/^ 


41-<f- 


Fig.  131.     Outlines  of  Cambrel  Roofs.     American  Practice. 

grams  B  and  D  are  taken  from  modern  colonial  houses  having  two 
stories  below  the  roof ;  and  diagram  C  is  the  outline  of  a  one-story 
house  designed  by  Mr.  W.  R.  Emerson.  Diagram  E  shows  the  out- 
line of  the  wings  of  the  Garden  City  Hotel,  built  at  Garden  City, 
N.  Y,,  and  designed  by  McKim,  Mead  &  White. 

The  numbers  shown  in  connection  with  the  roof-lines  indicate  the 
rise  of  the  roof  in  one  foot  of  horizontal  projection. 

Diagrams  A,  B,  C  and  D,  Fig.  132,  and  section  C,  Fig.  134,  are  rep- 
resentative outlines  of  Mansard  roofs  used  on  dwellings  in  this  coun- 
try forty  years  ago.     Diagram  E,  Fig.  132,  is  typical  of  the  modem 
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Mansard  roof,  the  curved  outlines  being  now  seldom  used,  except 
on  some  recent  public  buildings. 

City  houses  built  in  blocks,  when  surmounted  by  Mansard  or  steep- 
pitch  roofs,  generally  terminate  in  an  ornamental  cresting,  as  shown 
at  E,  Fig.  132,  the  main  roof  being  covered  with  tin  or  gravel  roofing 
and  pitching  toward  the  rear  of  the  house.  Very  frequently  a  balus- 
trade or  parapet  is  placed  above  the  wall-cornice  and  in  front  of  the 
base  of  the  roof.  Mansard  and  curb  roofs  are  almost  invariably 
pierced  by  dormers. 

2.  Details  of  Construction  of  Curb  and  Mansard  Roofs.  The 
construction  of  curb  roofs  is  usually  quite  simple,  the  common 


Fig.  132.     Outlines  of  Mansard  Roofs 


Fig.    X33.     Construction  of   Common  Type 
of  Gambrel  Roof. 

method  being  about  as  indicated  in  Fig.  133.  The  wall-plates  may 
be  either  just  below  the  attic  joists,  as  shown,  or  they  may  be  above 
the  joists ;  but  they  are  seldom  more  than  2j^  feet  above  the  joists, 
as  it  is  desirable  that  the  dormer-windows  shall  come  above  the 
plates.  If  the  plates  are  above  the  attic-floor  joists,  the  latter  should 
be  anchored  to  the  walls  if  of  brick,  or  well  spiked  if  of  frame,  and 
the  wall-plates  bolted  to  the  walls,  or  well  spiked  to  the  top  of  the 
studding  if  of  frame,  as  the  plates  are  depended  upon  to  resist  the 
outward  thrust  of  the  lower  rafters. 

Where  the  two  sets  of  rafters  meet  at  the  curb,  a  plate  or  purlin, 
at  least  4  by  6  inches  in  cross-section,  should  be  placed,  and  the  upper 
end  of  the  lower  rafters  cut  so  that  the  latter  will  support  the  plates. 
These  plates  should  receive  the  upper  rafters,  and,  if  the  height  of 
the  attic  story  permits,  the  ceiling  joists  also. 

If  the  attic  ceiling  comes  below  the  curb-plates  the  rafters  may  be 
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supported  by  purlins  as  shown  at  B,  Fig.  133.  These  puriins  should 
be  tied  together  across  the  roof  at  least  once  every  14  feet.  A  roof 
framed  as  shown  in  Fig.  133,  without  any  cross-partitions,  would  be 
likely  to  collapse  in  a  severe  gale  or  from  a  heavy  weight  of  snow 
on  one  side  only;  hence,  if  the  roof-space  is  not  divided  in  length 


by  cross-partitions,  bracing  should  be  employed.  As  a  general  rule 
such  roofs  are  further  stiffened  by  dwarf  partitions,  as  shown  by 
the  dotted  lines. 

Fig.  135  shows  various  types  of  curb  or  gambrel  roofs  with  de- 
tails of  the  construction  and  finish.  Roofs  of  this  type  which  have 
a  pitch  of  less  than  22  degrees  for  the  upper,  flatter  part  should  not 
have  the  latter  covered  with  slates,  shingles,  or  other  lapped  ma- 
terials liable  to  leak  because  of  the  backing  up  of  the  water  under 
the  lap  on  the  too  flat  surface. 

The  construction  of  Mansard  roofs  depends,  in  a  great  measure, 
upon  the  outline.  Fig.  134  shows  the  construction  of  two  of  the 
most  common  shapes.  In  both  roofs  shown  in  these  drawings  the 
weight  of  the  roof  is  carried  directly  to  the  wall-plates,  the  2  by 
4-inch  uprights,  in  section  C,  being  considered  merely  as  a  partition 
or  furring,  which  could  be  entirely  omitted  if  desired.  The  curve 
of  the  roof  should  always  be  formed  with  2-inch  furring-pieces 
built  out  from  the  straight  rafters,  carrying  the  weight  of  the  roof 
and  resting  on  the  wall-plates.  The  wall-plates  should  not  be  more 
than  2]/^  feet  above  the  floor-joists  and  should  be  so  secured  that 
they  cannot  spread. 
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Fig.  T35.     Details  of  Construction  of  Gambrcl  Roofs. 
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Mansard  roofs  are  generally  accompanied  by  heavy,  projecting 
cornices,  which,  if  of  wood,  may  be  formed  as  shown  in  Fig,  134. 
The  cornice  at  B  is  supported  by  plank  "lookouts"  built  into  the 
walls  and  secured  by  spikes  driven  through  the  plates.  These  look- 
outs may  be  from  2  to  3  feet  apart, 

127.  CONICAL  ROOFS,  Small  conical  roofs,  such  as  are  fre- 
quently used  on  small  circular  towers,  are  best  framed  as  shown  in 


Fig.   tj6.     Fnmiing  for  Small  Conical  Roof,  Kig.   137.     Frammg  for  BiLl- 

Fig.  136,  The  plates  should  be  cut  out  of  wide  planks  and  always 
made  of  two  thicknesses  put  together  so  as  to  break  joint.  When 
well  spiked  together,  they  form  a  continuous  ring  to  resist  the  out- 
ward thrust  of  the  rafters.  The  rafters  should  be  spaced  at  even 
distances  apart,  about  3  feet  at  the  bottom,  and  circular  ribs  cut  in 
between  them  every  20  or  24  inches  on  the  slant.  If  the  diameter 
is  more  than  10  feet  it  is  not  necessary  to  carry  all  the  rafters  to  the 
peak,  some  being  terminated  under  one  of  the  circular  ribs,  as  shown 
at  A.     For  small  roofs  it  is  necessary  to  cut  the  boards  to  a  wedge- 
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shape  and  put  them  on  vertically,  nailing  them  to  tlie  circular  ribs. 
Larger  roofs  may  be  covered  with  J^-inch  boards  bent  around  the 
roof  at  an  angle  of  45  degrees  with  the  plates.  In  this  way  the 
boards  do  not  have  to  be  cut  to  a  pattern  and  the  ribs  or  "sweeps" 
are  not  required,  except  to  secure  the  upper  ends  of  the  short 
rafters,  as  the  boards  are  nailed  to  the  rafters. 

128.  BELL-SH.\PED  ROOFS.  If  the  vertical  section  of  a 
roof  is  bell-shaped,  instead  of  conical,  furring- pieces  cut  to  the 
desired  curve  should  be  spiked  to  the  top  of  straight  rafters,  as 
shown  in  Fig.  137,  and  circular  ribs  cut  in  between,  as  in  conical 
roofs.  If  the  roof  is  very  high,  or  has  a  finial,  the  upper  end  of 
the  rafters  should  cut  against  a  center  pole,  having  as  many  sides  ' 
as  there  are  rafters.  This  pole  stiffens  the  roof  and  forms  a  sup- 
port for  the  finial.  It  is  also  well  to  brace  the  lower  end  of  the  pole 
by  cross-pieces  spiked  to  the  rafters  and  to  the  pole. 

129.  DORMERS.*     These    should    be    framed    generally    as 


Fig.  13B.     Framiog  Dormer- Window. 

shown  in  the  section-drawing,  Fig.  138.  An  opening  of  the  proper 
size  to  receive  the  dormer  should  be  framed  in  the  roof,  as  shown 
in  Fig.  126,  and  the  studs  of  the  dormer  should  be  notched  out  i 
inch  over  the  roof-boarding  and  under  the  trimmer-rafter  and  ex- 

*  See,  >l*a.  Art.  198. 
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Fig.  139.     Details  of  ■  Domer-Window  Designed  by  D.  Knlckeibtcker  Boyd. 
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Fif.  140.     DeUili  of  a  Dormer-Windoif  Designed  by  D.  Knidteibacker  Bojd. 
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tended  to  the  floor.  Notching  the  studding  around  the  rafters  pre- 
vents the  roof  from  sagging  or  breaking  away  from  the  sides  of  the 
dormer  and  thus  causing  a  leak;  and  the  studs  being  extended  to 
the  floor  stiffen  the  trimmer  and  form  a  continuous  surface  for 
lathing  without  fear  of  plaster-cracks.  An  enlarged  section  through 
the  dormer-sill  is  given  in  Fig.  138,  showing  one  method  of  flashing. 
The  flashing  in  this  example  is  laid  over  the  upper  course  of  shin- 
gles, and  a  wedge-shaped  piece  fitted  between  the  sill  and  flashing 
and  toe-nailed  into  the  sill.  This  keeps  the  flashing  in  place  and 
almost  conceals  it.  The  upper  end  of  the  flashing  should  be  se- 
curely nailed  to  the  back  of  the  sill. 

On  Mansard  roofs  the  front  of  the  dormer  generally  comes  over 
the  wall,  the  front  studding  thus  resting  on  the  wall-plates;  the 
studding  forming  the  sides  may,  in  this  case,  be  spiked  to  the  top 
of  the  trimmer  rafters. 

Figs.  139  and  140  show  the  elevation,  plan  and  section  of  a 
dormer-window  for  a  frame  residence,  designed  by  D.  Knicker- 
backer  Boyd.  The  elevations  of  the  front  and  side  of  the  dormer 
are  shown,  the  sides  being  covered  with  clapboards  and  the  roof 
being  shingled.  The  horizontal  section  or  plan  shows  the  general 
construction  of  the  outside-finish  and  inside-finish  and  of  the  box 
window-frames  and  sashes  and  indicates  clearly  the  provision  made 
for  the  introduction  of  outside  fly-screens.  The  vertical  section 
shows  further  details  of  these  same  parts  and  also  the  construction 
of  the  roof,  gable,  window-head  and  sill.  The  upper  sash  and  the 
head  are  finished  "square**  on  the  inside  so  that  roller  shades  may 
be  used;  and  blocks  are  shown  on  pulley-stiles  to  prevent  the  sash- 
fast  or  the  top  of  the  lower  sash  itself  from  striking  the  shade 
when  this  sash  is  raised.  As  the  detail  shows,  the  architect  has 
not  only  arranged  for  all  these  necessary  conveniences  but  has  been 
very  successful  in  designing  a  wooden  dormer  that  is  absolutely 
weather-proof.  The  greatest  difficulties  to  be  overcome  in  this 
respect  are  in  connection  with  the  construction  of  the  window-sill, 
which  in  this  example  has  been  made  in  two  pieces  to  avoid  the 
"checking"  incident  to  the  use  of  one  wide  piece  of  wood.  The 
construction  has  been  made  weather-proof  by  the  very  thorough 
flashing  of  the  sill  as  shown,  which  flashing  forms  a  sort  of  metal 
pan  arranged  under  the  entire  sill  and  brought  down  well  onto  the 
roof-shingles,  along  the  entire  extent  of  the  front.  The  ends  of 
the  sill  and  all  clapboards  at  the  point  of  contact  with  roof  and 
pilaster  are  flashed  individually  with  metal  and  all  stand  clear  of 
the  roof -shingles.  The  other  details  of  the  design  of  the  dormer- 
window,  not  mentioned  in  this  brief  description,  are  clearly  shown 
in  the  drawings. 
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Fig.  141  *  and  Fig.  142*  show  details  of  a  dormer  window  < 
the  roof  of  a  brick  house  designed  by  Richard  Arnold  Fisher. 

I.  Eyebrow  Dormers.  Fig,  143 1 
shows  the  details  of  construction  of 
an  eyebrow  dormer-window,  a  being 
the  half -elevation,  b  the  section  show- 
ing the  general  construction  and  c  the 
section  through  the  window- frame.  As 
usually  constructed,  these  windows  arc  ' 
apt  to  be  ungraceful  in  general  appear- 
ance. If  carefully  studied,  however,  in 
regard  to  their  curves  and  proportions 
and  if  the  reverse-curves  are  made  to 
die  away  into  the  roof-lines  without 
breaks  or  humps,  their  design  can  be 
made  quite  pleasing.  They  are  or- 
dinarily used  to  light  and  ventilate  un- 
finished attics. 

130.  ROOFS  OF  WIDE  SPAN. 
When  the  span  of  a  roof  exceeds  30 
feet,  either  trussing  or  interior  supports 
should  be  used,  so  that  the  unsupported 
length  of  the  rafters  will  not  exceed  12 
feet.  The  roofs  of  dwellings  can  gen- 
erally be  sufficiently  supported  by  carry- 
ing up  partitions  or  by  the  use  of  col- 
lar-beams. It  often  happens,  however, 
in  a  large  house  that  the  attic  space  is 
used  for  a  ball-room  or  some  similar 
purpose  in  which  the  room,  posts  or 
other  supports  for  the  roof  are  very 
objectionable.  In  such  cases  the  roof 
can  generally  be  supported  by  one  of 
the  methods  described  below, 

I.  Hip-roof  Trussing  for  Wide 
Spans.  Any  room  not  exceeding  40  by 
60  feet  in  area  can  be  safely  covered  by 
a  hipped  roof  without  trusses  or  interior 
supports  of  any  kind,  provided  the 
plates  are  made  continuous  around  the 
four    sides    of    the    main    roof.     Fig.  jn  Fig.  m. 

*  Fig^  141  and  143  and  ■ome  olhcrj  are  redrawn,  adapted  and  uied  by  pennilsi 
"Building  I>el»il»."  by  Prank   M.   Snyder. 

t  This    drawing    and    leveraL    others    are    by    permiuion    redrawn,    adapted, 
arranged  {tdiq  "Deuili  of  Building  Conitrucliaa,"  br  C  A.  Martin. 
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144  represents  the  plate-hip-rafters  and  deck-beams  of  a  hipped 
roof,  terminated  by  a  deck.  It  is  readily  seen  that  such  a  con- 
struction is  practically 
a  truss  in  itself,  and 
that  if  the  several 
pieces  are  properly 
proportioned  and  con- 
nected it  will  carry  an 
enormous  weight  and 
exert  a  vertical  pres- 
sure only,  on  the 
walls. 

As  ordinarily  con- 
structed the  hips  and 
plates  of  such  a  roof 
are  made  light  and 
carry  practically  no 
load  at  all;  but  if  all 
the  common  rafters 
and  jack-rafters  are 
spiked  to  the  deck- 
beams  and  the  hip- 
rafters  so  securely 
that  the  rafters  have 
no  tendency  to  slide  or 
push  out  at  the  bot- 
tom, the  weight  of  the 
roof  will  be  thrown 
largely  on  the  hips 
and  there  will  be  no  outward  thrust  on  the  plates.  The  thrust  of 
the  hips  will  be  taken  up  by  the  plates  and  the  walls  under  the 
plates  will  sustain  the  vertical  load.  The  hips  and  deck-beams 
must  be  of  such  size  that  they  will  not  sag  under  their  load  and 
the  planks  forming  the  plates  must  be  fastened  so  securely,  by 
tie-irons  at  the  angles,  that  the  hip-rafters  cannot  force  them 
apart.  No  dependence  should  be  placed  upon  the  common  rafters 
for  the  support  of  the  hips  and  deck-beams.  If  the  roof  is 
to  be  carried  to  a  ridge  it  can  be  extended  above  the  deck-beams, 
the  latter  forming,  as  it  were,  a  new  plate.  In  such  cases,  however, 
there  should  be  collar-beams  between  the  deck-beams  to  prevent 
their  being  pushed  in. 

A  roof  built  in  this  way  is  entirely  practicable,  and  the  author  has 
often  employed  this  method  in  constructing  hipped  and  "octagon" 
roofs.     If  carefully  built  and  proportioned,  this  construction  can 


Fig.  143.    ^^'"%°U^l^''"" 
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be  used  where  there  is  no  ceiling  at  the  plate-level ;  but  in  such  cases 
the  plates  should  be  made  as  wide  as  possible,  not  less  than  12 
inches,  for  example,  when  30  feet  in  length.  It  is  obvious  that  if 
the  angles  of  the  plates  should  give  way  the  whole  roof  would  fall. 
If  there  are  projections  and  minor  roofs  they  can  be  built  onto 


Fit.  ■44'     OatliiKB  of  Hip-Roof  for  Wide  Span. 


the  main  roof  and  will  strengthen  it  against  spreading;  but  the  main 
frame  must  be  built  as  in  Fig.  144,  with  the  plates  continuous  around 
it.     If  the  plates  are  interrupted  by  chimneys,  they  should  be  con- 
nected by  iron  ties  passing  either  through  or  around  the  chimney. 
2.    Supporting  Rafters  Wilhoul  Trusses.    When  it  is  desired  to 


Fiff.   145.     Frammg  SatKr-SupporM  Wilhout  Truasei. 

support  the  rafters  of  a  roof  without  using  trusses,  some  method  of 
framing,  similar  to  that  shown  in  Fig.  145,  can  often  be  adopted 
with  advantage.  Purlins  are  placed  under  the  rafters  about  half-way 
up  and  supported  by  braces  as  shown,  pieces  of  boards  or  planks 
being  nailed  to  the  rafters  and  against  the  purlins,  as  at  A.  The 
pairs  of  braces  should  be  spaced  about  8  or  10  feet  apart  longi- 
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tudinally  of  the  roof  and  the  purlins  proportioned  according  to  the 
length  of  the  rafters  and  distance  between  the  braces.  If  there  are 
no  ceiling- joists,  tie-beams  must  be  used,  spaced  the  same  distance 
apart  as  the  braces,  to  keep  the  plates  from  spreading;  and  the 
plates  must  be  of  such  width  that  they  will  not  bend  horizontally 
between  the  tie-beams.  Such  construction  is  well  adapted  for  the 
roofs  of  pavilions,  depot-platforms,  etc.,  when  the  span  is  from 
30  to  35  feet,  and  center  posts  are  not  objectionable. 

7.    SUPERINTENDENCE  OF  THE  FRAMEWORK.       . 

131.    SUPERINTENDENCE   OF   WOODEN   BUILDINGS. 

1.  Framing-Drazvings.  If  complete  framing-plans  have  been  fur- 
nished for  the  walls,  floors  and  roof,  the  superintendence  of  this 
part  of  the  building  will  be  quite  an  easy  matter,  as  the  work  is 
fully  exposed  and  open  to  inspection. 

2.  The  Lumber.  The  first  thing  to  attend  to  is  the  inspection 
of  the  lumber,  to  see  that  it  is  of  the  kind  and  quality  specified  and 
of  the  proper  dimensions.  The  superintendent  should  be  sufficiently 
familiar  with  the  woods  specified  to  distinguish  the  diflFerent  kinds 
at  a  glance.  The  differences  in  the  texture  or  color  of  white  pine, 
Norway  pine,  Douglas  fir,  hemlock,  spruce  and  hard,  pine  are 
usually  sufficient  to  readily  determine  these  woods,  although  occa- 
sionally there  are  pieces  of  hemlock  which  are  difficult  to  distin- 
guish from  spruce,  and  Norway  pirie  sometimes  closely  resembles 
white  pine.  Familiarity  with  the  peculiar  odors  of  these  different 
woods  is  often  an  assistance  in  distinguishing  them,  a  fresh  sliver 
being  cut  for  purposes  of  comparison. 

It  is  not  so  easy  to  distinguish  between  the  different  varieties  of 
spruce  and  hard  pine ;  and  if  two  varieties  of  the  same  species  are 
in  the  market,  one  of  which  is  particularly  desired,  it  is  generally 
necessary  to  ascertain  from  the  lumber-yard  which  variety  is  fur- 
nished, or  to  call  in  expert  advice.  The  defects  to  be  looked  for 
are  shakes,  longitudinal  cracks,  bad  knots  and  pieces  that  are  badly 
warped.  Shaky  pieces  (Art.  17)  should  always  be  rejected. 
Small  longitudinal  cracks  in  large  timbers  are  to  be  expected. 
They  do  no  great  harm,  especially  if  in  the  top  or  bottom  of  the 
timber ;  but  in  thin  pieces,  such  as  2-inch  joists,  longitudinal  cracks, 
especially  if  below  the  center,  are  sufficient  cause  for  rejection. 
Pieces  that  are  badly  warped  and  pieces  with  large  or  dead  knots 
should  be  rejected.  Small,  sound  knots  are  admissible  in  ordinary 
framing-lumber,  as  it  is  difficult  to  obtain  such  lumber  without  them. 
Large  timbers,  with  a  considerable  proportion  of  sap-wood,  should 
not  be  used  where  they  are  subject  to  great  stress,  or  where  ample 
ventilation  is  not  pT0vide<^ 
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In  regard  to  size,  framing-timber  generally  measures  from  %  to 
y2  of  an  inch  scanty  of  the  nominal  dimensions,  and  such  differences 
must  be  expected  and  allowed  for  unless  one  cares  to  pay  for  having 
the  lumber  sawed  to  order. 

3.  Bedding  the  Sills.  The  first  step  in  the  erection  of  the  frame 
of  a  wooden  building  is  the  placing  of  the  sills,  and  if  on  a  brick 
or  stone  wall  the  superintendent  should  see  that  they  are  properly 
bedded  in  mortar.  It  is  a  good  practice,  although  not  a  common 
one,  to  paint  the  bottom  of  the  sills  before  setting  them  on  the 
walls.  This  is  done  to  keep  out  the  dampness,  the  sides  and  top 
being  left  unpainted  so  that  the  moisture  will  dry  out. 

4.  Sise  and  Position  of  Openings.  As  the  framework  pro- 
gresses the  superintendent  should  verify  the  principal  dimensions 
to  see  that  they  agree  with  the  drawings,  for,  while  the  builder  can 
be  held  responsible  for  his  mistakes,  it  is  very  annoying,  to  say 
the  least,  to  discover  after  the  frame  is  up  that  the  building  does  not 
correspond  with  the  drawings ;  and  the  owner  is  usually  inclined  to 
think  that  the  architect  should  have  prevented  the  error. 

The  most  frequent  mistakes  are  those  which  are  made  in  locating 
the  openings  for  doors,  windows  and  chimneys.  The  openings  for 
the  chimneys,  especially,  should  be  measured  to  determine  if  they 
are  large  enough  for  the  chimneys  to  pass  through  and  at  the  same 
time  leave  a  i-inch  space  between  the  chimney  and  the  headers  and 
trimmers.  They  should  be  exactly  located,  as  the  variation  of  even 
an  inch  will  often  affect  the  appearance  of  the  room  to  which  they, 
belong. 

5.  Supports  for  Partitions.  When  the  floor-joists  are  being 
placed  the  superintendent  should  see  that  the  timbers  which  are  to 
support  partitions  are  of  the  designated  size  and  that  they  are  put 
in  their  proper  places.  He  should  also  look  at  the  framing  around 
all  openings  to  see  that  the  headers  and  trimmers  are  of  the  proper 
size  and  that  the  different  pieces  have  been  properly  mortised  to- 
gether or  supported  by  metal  joist-hangers,  according  to  the  speci- 
fications. 

6.  Constructional  Details.  While  the  outside  frame  is  being 
erected  the  superintendent  should  see  that  the  posts  are  plumb,  the 
girts  placed  at  the  proper  height,  all  the  braces  put  in  and  the  whole 
properly  mortised  and  pinned  together. 

7.  Roofs.  The  principal  points  to  be  looked  after  in  the  roof- 
frame  are  the  pitch,  the  way  the  valley  rafters  are  put  in  and  the 
size  and  position  of  the  dormer-openings. 

Carpenters  are  sometimes  liable  to  make  the  pitch  a  little  less 
than  that  indicated  on  the  drawings,  as  the  flatter  the  pitch  the  less 
the  amount  of  lumber  required ;  hence  the  necessity  of  seeing  that 
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the  pitch  is  the  same  as  that  indicated  on  the  drawings.  It  can 
easily  be  determined  by  means  of  a  two-foot  rule  and  a  plumb. 

The  superintendent  should  see  that  the  valley-rafters  are  ex- 
tended to  the  ridges,  or  hips,  as  explained  in  Art.  123.  This  is  not 
always  done. 

In  order  that  the  studding  of  the  dormers  may  be  notched  onto 
the  rafters,  as  explained  in  Art.  129,  it  is  necessary  that  the  trim- 
mer-rafters be  spaced  very  accurately  and  the  superintendent  will 
do  well  to  carefully  verify  the  measurements. 

All  parts  of  the  roof  should  be  well  spiked  together,  particularly 
at  the  plates,  ridges,  hips  and  valleys.  The  ridges  should  be  per- 
fectly straight  and  level  and  exactly  in  the  center.  The  tops  of 
the  rafters  should  all  lie  in  the  same  plane  and  not  be  "hunched  up" 
or  allowed  to  sag. 

8.  Partitions,  The  superintendent  should  see  that  every  par- 
tition is  set  in  its  proper  place  and  that  the  studs  are  straight  and 
plumb  and  of  uniform  width.  Crooked  studs  may  be  straightened 
by  cutting  them  with  a  saw  on  the  bulging  side  and  then  spiking 
them  together  again ;  or  a  stud  may  be  cut  in  two  and  a  cross-piece 
or  header  put  in  between  the  adjacent  studs.  The  bearings  of  the 
partitions  should  correspond  with  the  specifications  and  the  studs 
at  the  sides  of  the  door-openings  should  be  strongly  supported. 
Very  often  such  studs,  which,  if  in  a  bearing-partition,  are  quite 
heavily  loaded,  come  over  the  center  of  the  space  between  the  studs 
below,  the  whole  weight,  perhaps,  being  borne  by  a  2  by  4-inch  cap. 
In  this  case  a  brace  should  be  put  in  below  or  the  plate  should  be 
reinforced.  The  superintendent  should  examine  all  comers  to  see 
that  they  have  been  made  solid  for  lathing,  see  that  provision  is  made 
for  running  furnace-pipes,  and  see  that  all  openings  are  properly 
trussed. 

9.  Bridging.  As  soon  as  practicable  after  the  floor-joists  have 
been  placed  and  before  the  underflooring  is  laid  or  the  partitions 
built,  the  floor-bridging  should  be  put  in  and  securely  nailed  with 
two  tenpenny  nails  in  each  end  of  each  piece. 

132.  SUPERINTENDENCE  OF  BRICK  BUILDINGS, 
The  framing  of  the  floors,  roofs  and  partitions  of  brick  buildings  is 
the  same  as  for  wooden  buildings,  with  the  exception  of  the  wall- 
plates  and  the  anchoring  of  the  floor-joists.  As  has  been  explained 
in  Arts.  96  and  97,  the  anchoring  of  the  floor-joists  to  the  walls  in 
brick  buildings  is  a  very  important  matter  and  should  be  carefully 
looked  after  by  the  superintendent,  who  should  see  that  the  bolts 
for  the  wall-plates  are  built  into  the  walls  at  the  proper  height. 
If  the  partition-studs  are  to  be  bolted  to  the  walls  the  superintendent 
should  see  that  the  bolts  are  provided  by  the  carpenter  and  built 
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in  by  the  brick-mason  at  the  proper  time,  otherwise  they  are  very 
apt  to  be  overlooked. 

While  many  of  these  precautions  may  seem  rather  unnecessary, 
unless  the  superintendent  fixes  them  well  in  mind  and  realizes  their 
importance,  he  will  be  likely  to  find,  as  the  building  progresses,  that 
he  neglected  to  look  after  them  at  the  proper  time;  and  that  some 
things  have  been  overlooked  or  improperly  done  which  by  a  little 
thought  and  care  on  his  part,  might  have  been  attended  to.  If,  as  is 
the  usual  custom,  the  architect  supervises  his  own  work,  inspecting 
it  once  every  day,  or  every  second  or  third  day,  as  may  be  necessary, 
he  will  find  it  of  great  assistance  in  his  work  to  make  a  memorandum 
from  the  specifications  of  the  things  to  be  looked  after  before 
visiting  the  building,  and  then  to  examine  these  matters  in  a  certain 
definite  order  when  making  his  inspection. 


Chapter  III. 


Sheathing,  Frames,  Sashes,  and 

Glazing. 


1.    SHEATHING. 

133.  ROUGH  BOARDING,  i.  Side  Walls.  As  soon  as  the 
walls  of  a  frame  building  are  up  they  should  be  tightly  covered 
with  common  boarding,  or  "sheathing,"  as  it  is  called  in  many  local- 
ities.* For  this  purpose  the  cheapest  kind  of  lumber  may  be  used : 
hemlock,  spruce  and  western  white  pine  being  most  commonly  used 
in  the  North,  hard  pine  in  the  Southern  and  Gulf  States,  and  red- 
wood, Douglas  fir,  western  hemlock,  spruce  and  western  white  pine 
on  the  Pacific  Coast.  For  the  better  class  of  buildings  the  boards 
should  be  dressed  on  one  side  to  bring  them  to  a  uniform  thickness 
and  should  be  free  from  shakes  and  large  knot-holes. 

When  the  braced  frame  is  used  it  is  customary  to  sheath  the  first 
story  before  the  second-story  studding  is  set  up.  The  sheathing 
or  boarding  should  be  nailed  at  each  bearing  with  two  tenpenny 
nails,  although  eightpenny  nails  are  often  used.  If  the  building  is 
constructed  with  a  balloon  frame,  without  braces,  it  is  necessary  to 
put  the  boarding  on  diagonally  in  order  to  secure  sufficient  rigidity 
in  the  frame.  With  the  braced  frame  diagonal  sheathing  is  not 
necessary,  although  it  makes  a  better  job  than  results  from  horizon- 
tal sheathing.  All  towers,  cupolas,  etc.,  should  be  sheathed  diag- 
onally. 

2.  Roofs.  In  covering  the  roofs  of  either  wood  or  brick  build- 
ings, two  methods  are  pursued :  in  the  first  the  roof,  like  the  walls, 
is  tightly  covered  with  dressed  boarding;  and  in  the  second, 
narrow  boards,  sometimes  called  "laths,"  are  nailed  to  the  rafters 
horizontally,  with  a  space  of  2  or  3  inches  left  between  them.  The 
latter  method  is  presumed  to  make  the  more  durable  roof,  as  it 
affords  ventilation  for  the  shingles  and  makes  them  last  longer. 
With  such  a  roof  the  attic  is  warm  in  summer  and  cold  in  win- 
ter, and  is  objectionable  on  this  account  if  the  attic  is  to  be 
finished.  Most  architects  prefer  to  cover  the  roof  with  boarding 
laid  close  and  then  to  lay  tarred  paper  over  the  latter  and  under 

*  Se«    "Rules    for    Estimating    Quantities    of    Sheathing*'    and    "Cost    of    Sheathing/' 
"Architects*   and   Builders*    Pocket-Book."     F.    E.    Kidder. 
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the  shingles  or  slates.  This  not  only  protects  more  efficiently  the 
attic  space  from  changes  in  temperature,  but  also  prevents  fine  snow 
from  sifting  in  under  the  slates  or  shingles.  The  specifications 
should  distinctly  mention  whether  the  boards  are  to  be  laid  close 
tc^ether  or  laid  "open,"  and  also  the  kind  and  quality  of  the  boards 
themselves. 

For  shingle  roofs  it  is  not  absolutely  necessary  that  the  boards 
be  dressed,  even  on  one  side,  if  they  are  of  uniform  thickness;  but 
the  dressed  sheathing  makes  a  neater  job  and  costs  very  little  more. 

Roofs  that  are  to  be  tinned  should  be,  covered  with  matched 
boards,  dressed  on  one  side,  so  as  to  present  a  smooth  surface  for 
the  tin.  All  knot-holes  should  be  covered  with  pieces  of  heavy 
galvanized  iron.  All  rough  edges,  also,  should  be  smoothed  off 
with  a  plane.  The  object  of  these  precautions  is  to  prevent  the  tin 
from  being  injured  by  persons  walking  across  the  roof  where  the 
edges  of  the  boards  are  turned  up  or  where  there  are  knot-holes. 

2.     WINDOW-FRAMES. 

134.  GENERAL  REQUIREMENTS.  The  first  work  of  the 
carpenter  or  joiner  usually  required  in  connection  with  either  a 
frame  or  brick  building  is  the  making  of  the  basement  window- 
frames,  the  coal-chute  and  the  outside  basement  door-frames,  if 


there  are  to  be  any,  as  all  of  these  are  generally  built  into  the  walls 
as  they  progress. 

135,     COAL-CHUTE,     As  nearly  every  house  that  is  heated  by 
hot  air,  steam  or  hot  water  must  have  a  coal-bin  in  the  basement,  an 
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opening  for  putting  in  the  coal  is  a  necessity.  Very  often  an  ordi- 
nary cellar  window  is  utilized  for  this  purpose;  but  where  there  is 
room  it  is  better  to  construct  a  regular  coal-chute.  An  ordinary 
window-frame  soon  becomes  marred  or  loose  and  the  glass  is  fre- 
quently broken.  This  is  especially  true  when  soft  coal  in  large 
lumps  is  used. 

The  author  has  found  the  construction  indicated  by  the  section 
and  elevation  drawings  of  Fig,  146,  the  most  satisfactory  and  dur- 
able. It  also  presents  a  fairly  neat  appearance.  The  frame  is 
made  entirely  of  planks,  those  forming  the  bottom  running  across 
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the  wall  instead  of  longitudinally  with  it,  as  in  the  sills  of  window- 
frames.  The  bottom  of  the  frame  should  project  6  inches  beyond 
the  outside  of  the  wall,  to  give  the  doors  a  slope  outward,  and  also 
to  make  it  easier  to  put  in  the  coal.  The  outside  of  the  plank  frame 
should  be  cased  with  J^-inch  finished  lumber,  as  shown  in  section 
C  D,  and  the  doors  made  of  "ceiling,"  *  strongly  battened  and  put 
together  with  screws  or  clinched  nails.  They  should  be  hung  with 
T  hinges,  and  may  be  fastened  with  hooks  and  staples  on  the  inside. 
Pieces  of  studding  should  be  nailed  to  the  ends  and  bottom  of  the 
frame  to  hold  it  in  the  wall. 

136.     CELLAR-WINDOW   FRAMES.     These   are  almost   in- 
variably made  of  planks  and  each  is  usually  fitted  with  a  single  sash 
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varying  from  16  to  24  inches  in  height  and  from  30  to  36  inches  in 
width,  hinged  at  the  top.  to  open  in. 

Fig.  147  shows  sections  through  the  sill  and  head  of  a  cellar 
window  as  ordinarily  constructed  for  a  frame  house,  although  in 
the  very  cheapest  work  the  jamb  and  head  are  sometimes  made  with- 
out a  rebate,  a  strip  called  a  "stop"  being  nailed  to  the  frame  for 
the  sash  to  strike  against.  A  molding,  S,  is  generally  nailed  to  the 
outside  edge  of  the  frame  to  make  a  tighter  joint  between  the  frame 
and  the  masonwork.  This  molding  may  be  of  various  shapes,  but 
a  better  joint  is  made  when  it  has  a  quirk  on  the  outer  edge.    In 


Fig.  149.     Cellar  Window- Frame  in  Frame  Cottage. 

all  frames  built  into  stonework  or  brickwork  this  molding  is  called 
the  "staff-bead,"  or,  in  some  localities,  the  "brick-mold."  The  head 
and  sill  should  project  beyond  the  sides  or  "jambs,"  so  as  to  form 
"lugs"  for  securing  the  frame  to  the  wall,  and  the  jambs  should  be 
let  into  them  J^  an  inch. 

The  frame  shown  in  Fig.  148  is  in  one  or  two  details  a  better 
construction.  The  most  important  of  these  is  the  shape  of  the  sill, 
which  makes  a  tighter  joint  than  that  shown  in  Fig.  147.  This 
frame  is  also  provided  with  vertical  iron  bars,  placed  about  4  inches 
apart,  as  a  security  against  burglars.    The  fly-screen  is  put  in  from 
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the  inside.  The  section  through  the  side  of  the  frame  is  the  same 
as  that  through  the  head. 

The  detail  at  A,  Fig.  148,  shows  a  section  sometimes  used  for  the 
jambs  and  heads  of  cellar  window-frames.  When  the  jamb  is  in 
one  piece,  however,  it  is  apt  to  warp  away  from  the  masonry,  and, 
in  the  opinion  of  the  author,  this  is  not  as  good  construction  as 
that  in  which  a  separate  staff-bead  is  used.  It  is  a  good  idea  to 
nail  2  by  2-inch  strips  to  the  back  of  the  jambs  of  all  plank  frames, 
as  shown  at  A,  to  hold  the  frames  securely  in  the  walls. 

Fig.  149  *  shows  a  detail  of  a  cellar-window  frame  and  of  the 
adjoining  parts  of  a  frame  cottage.  The  water-table,  sheathing, 
sill-timbers  and  stone  slip-sill  are  clearly  shown.     Fig.  150  shows 
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Fig.  150.     Cellar  Window-Frame  in  Masonry 

Wall. 


Fig.  151.  Cellar  Window-Frame  with  Screen 
and  Iron  Grille  in  Masonry  Wall. 


details  of  the  sill,  sash-bar,  jamb  and  head  of  an  ordinary  cellar 
window  in  a  masonry  wall.  Fig.  151  shows  the  details  of  sill, 
jamb  and  head  of  a  cellar  window  in  a  masonry  wall,  with  screen 
and  iron  grille.  An  alternate  arrangement  for  a  hinged  grille  is 
shown  by  the  dotted  lines  in  the  jamb-section. 

137.    TYPES    OF    WINDOWS.     Before    proceeding    further 
with  the  details  of  window-construction,  the  various  types  of  win- 

*  This  detail  and  several   others  are  by  permission   adapted,  redrawn  and   rearranged 
from  "Details  of  Building  Construction,"  by  C.  A.  Martin. 
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dows  commonly  found  in  American  buildings  are  briefly  consid- 
ered. 

The  most  common  type  in  use  in  this  country  is  the  "double- 
hung"  window.  This  has  two  sashes,  each  one-half  the  height  of 
the  window,  and  each  hung  with  cords  and  weights  or  fitted  with 
sash-balances,  so  as  to  slide  up  and  down.  The  essential  features 
of  this  window  are  the  same  in  both  frame  and  brick  buildings, 
although  the  difference  in  the  character  of  the  walls  necessitates 
some  variation  in  the  construction  of  the  frames. 

Drawing  A,  Fig.  152,  shows  an  elevation  of  a  double-hung  win- 
dow in  a  frame  building,  with  two  styles  of  head-finish;  and  draw- 
ing B  shows  an  elevation  of  the  same  window  placed  in  a  brick 
wall. 

There  are  also  several  variations  of  this  type  of  window,  a  very 
common  one  in  brick  buildings  being  that  shown  at  G.  Where  the 
window  has  a  circular  head  there  are  two  methods  of  constructing 
the  upper  part  of  the  frame  and  sash.  One  is  to  make  all  but  the 
outside  portion  of  the  frame  square,  with  square,  solid  corners  to 
the  upper  sash,  so  that  it  will  slide  up  and  down  and  be  finished  on 
the  inside  the  same  as  though  the  window  had  a  square  head.  The 
other  method  is  to  make  a  solid  circular  head  to  the  frame,  so  that 
it  will  finish  circular  in  form  on  the  inside.  The  latter  method 
generally  results  in  a  better  appearance  on  the  inside,  especially  when 
the  window  has  no  curtains  or  draperies ;  but  a  serious  objection  to 
it  is  that  the  lower  sash  can  slide  only  to  the  springing  of  the  circle, 
and  the  upper  sash,  having  but  a  small  portion  of  its  sides  straight, 
does  not  usually  work  well.  For  these  reasons  it  is  generally  better 
to  adopt  the  former  method  of  construction  for  circular-head  win- 
dows in  residences,  hotels,  club-buiWings,  etc. 

Frequently  in  brick  buildings  the  top  of  the  upper  light  of  glass, 
and  also  the  outside  of  the  frame,  is  cut  in  the  form  of  the  segment 
of  a  circle,  in  which  case  it  is  called  a  "segment-head"  window. 
Segment-head  windows  are  usually  finished  "square"  on  the  inside. 

Double-hung  windows  are  also  often  made  with  the  division 
between  the  sashes  at  some  point  above  the  middle,  so  as  to  bring 
the  meeting-rail  above  the  height  of  the  eye  of  a  person  looking 
out  from  the  inside;  and  when  this  is  done  it  is  necessary  to  make 
a  "pocket"  above  the  head  of  the  frame  for  the  lower  sash  to  slide 
into,  if  it  is  to  slide  its  full  height. 

Double-hung  windows  are  also  frequently  used  in  pairs,  as  shown 
at  C,  Fig.  152,  and  sometimes  three  or  four  windows  are  included  in 
the  same  frame.  A  window  such  as  is  shown  at  C  is  called  a  "mul- 
lion-window"  or  a  "double  window,"  the  vertical  division  between 
the  windows  being  called  a  "muUion."    This  window  has  also  a 
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"transom  bar,"  which  is  the  horizontal  division  between  the  double- 
hung  sash  and  the  small  sashes,  or  "transom-lights,"  above.  Tran- 
soms are  frequently  used  where  there  are  no  mullions,  and  vice 
versa. 

Stone  mullions  and  transom-bars  are  also  frequently  used  to 
divide  windows,  as  shown  in  drawing  E,  which  represents,  also,  a 
special  type  of  the  double-hung  window. 

Next  to  the  double-hung  window,  in  regard  to  general  use,  comes 
the  "casement-window"  or  "French  window"  shown  at  D.  This 
window  has  the  sashes  divided  vertically,  each  being  hinged  at  the 
sides  like  a  pair  of  doors.  Transoms  are  frequently,  although  not 
necessarily,  used  with  this  style  of  window.  The  casement-window 
is  the  common  type  of  window  in  Europe,  but  it  has  serious  objec- 
tions which  make  it  undesirable  for  general  use.  The  most  impor- 
tant of  these  objections  are  that  if  the  sashes  swing  in,  it  is  difficult 
to  make  them  storm-proof,  and  also  that  they  interfere  with  the 
shades  and  draperies;  and,  on  the  other  hand,  if  they  swing  out, 
fly-screens  cannot  be  used  on  the  windows. 

Besides  these  two  types  of  windows  there  are  others  in  which  the 
sashes  are  pivoted,  either  at  the  center  of  the  sides,  or  at  the  top 
and  bottom.  Windows  of  the  shape  shown  at  /  are  frequently  seen 
in  large  buildings.  The  sashes  in  these  windows,  if  they  opei^at 
all,  are  usually  pivoted  at  the  top  and  bottom. 

Then,  too,  there  are  the  tracery-windows  used  in  churches,  and 
they  are  of  great  variety  in  their  shapes  and  proportions. 

138.  CONSTRUCTION  OF  WINDOWS.  Materials  Used. 
A  window  may  be  said  to  consist,  in  general,  of  three  parts,  the 
frame,  the  sash  and  the  inside  finish,  and  each  part  is  usually 
described  separately  in  the  specifications.  The  material  for  all 
those  parts  of  the  frame  which  are  exposed  to  the  weather  should 
be  white  pine,  Douglas  fir,  cedar,  larch,  sugar  pine,.  c)rpress  or 
redwood.  White  pine  has  always  been  generally  preferred  where 
it  could  be  obtained  at  the  desired  price. 

The  piece  called  the  "pulley-stile"  is  frequently  made  of  hard 
pine,  and  sometimes  of  one  of  the  broad-leaved  hardwoods,  because 
such  woods  wear  better  under  the  friction  of  the  sash  in  sliding 
up  and  down.  Whether  of  hard  or  soft  wood,  the  pulley-stile 
should  never  be  painted,  but  simply  oiled  or  stained.  The  con- 
cealed portions  of  the  frame  are  usually  made  of  spruce,  the  cheaper 
grades  of  white  or  yellow  pine,  or  the  most  common  wood  of  the 
locality.  All  of  the  material  should  be  well  seasoned,  and  in  order 
to  keep  out  the  dampness,  frames  that  are  to  be  placed  in  masonry 
walls  should  be  painted  or  oiled  all  over  before  they  are  set. 

139.  DOUBLE-HUNG  WINDOW-FRAMES  FOR  FRAME 
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BUILDINGS.     I.     General  Methods  of  Construction.    The  com- 
mon method  of  constructing  the  window-frames  in  wooden  build- 
ings is  shown  by  horizontal  and  vertical  sections  in  Fig,  153.     Such 
frames  are  frequently  called  "skeleton  frames,"  to  distinguish  them 
from  the  "box  frames"  used  in  brick  and  stone  buildings.     The 
essential  parts  of  such  a  frame  arc  the  pulley-stile,  A,  the  parting- 
strip,  E,  the  outside  casing,  B,  the  stop-bead,  5",  the  head  and  the 
sill.     A  band-molding,  C,  sometimes  called  the  "outside  architrave," 
is  also  necessary  if  the  casing  is  flush  with  the  boarding;  but  if  the 
casing  is  set  outside  of  the  boarding,  the  molding  is  often  omitted. 
The  inside  casing  or  trim.  D,  is  a  part  of  the  inside  finish,  and  not 
usually  considered  a  part 
of  the  frame.     Very  fre- 
quently, in  cheap  work, 
the  tongue  on   the   edge 
of  the  pulley-stile,  at  R, 
is  omitted  and  the  casing, 
B,   simply   nailed   to  the 
pulley-stile.     This  tongue, 
however,  is  a  very  impor- 
tant   feature,    as    it    pre- 
vents the  pulley-stile  from 
warping  or  springing,  and 
allows  the  sash  to  slide 
more  freely.     It  is  better 
to   make   the   tongue   on 
the    inside    face    of    the 
stile.     The      construction 
shown  in  Fig.  153  may  be 
considered  the  very  cheap- 
est   and    is    not    recom- 
mended for  good  work. 
In  all  first-class  dwellings  the  sill  should  be  made  about  as  shown 
in  Fig.  154,  that  is,  with  a  rebate  at  K  for  the  bottom  rail  of  the 
sash  to  shut  against ;  and  a  ground-casing,  G  C,  should  be  nailed  to 
the  inside  edge  of  the  pulley-stile.     It  is  not  common,  however,  for 
builders  to  include  these  two  features  unless  they  are  specified. 
The  ground-casing  stiffens  the  pulley-stile,  keeps  it  straight,  and 
affords  a  better  nailing-space  for  the  finish.     If  i>^-inch  sashes  are 
to  be  used,  as  they  should  be  in  first-class  work,  and  if  the  studding 
is  4  inches  wide,  the  outside  casing  should  be  placed  outside  of  the 
boarding,  so  as  to  make  the  pulley-stile  wider.     This  leaves  room 
for  a  strip,  5",  to  which  the  guide  for  the  fly-screen,  F  S,  may  be  fas- 
tened.    When  there  are  outside  blinds,  with  swivel-slats,  and  also 


^f;,. 'i*-  ^DouMt-Hung  Fib.  154,  Double-Hutlg 
Window.Frirae.  Che.p  Windovr- Frame.  BeitiT 
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outside  fly-screens,  some  such  arrangement  as  this  is  almost  neces- 
sary. If  the  inside  finish  is  to  be  of  hardwood,  the  ground-casing 
should  be  rebated  for  a  thin  strip,  V,  which  should  be  put  in  after 
the  plastering  is  dry.  With  the  outside  casing  set  outside  the  board- 
ing the  band-mold  or  architrave  is  not  really  necessary,  unless 
Ji-inch  shingles  are  used  on  the  walls;  but  it  relieves  the  plainness 
of  the  frame  and  is  generally  used  on  good  work. 

In  frames  made  as  in  Fig.  154,  it  is  advisable  to  hang  a  "pen- 
dulum" or  thin  partition  between  the  weights  to  prevent  their  inter- 
fering in  passing  up  and  down.     This  pendulum  consists  of  a  sirip 
of  Ji-inch  pine,  or  other  suitable  wood,  as  shown  in  Figs,  156,  158, 
etc.,  and  is  hung  from  the  top  so  that  it  may 
be  swung  to  one  side  in  order  to  get  at  both 
weights  through  one  pocket.     In  all  double- 
hung    window-frames    a    piece    about    18 
inches  high,  2%.  inches  wide  and  with  bev- 
eled ends,  should  be  cut  out  of  the  lower 
part  of  the  pulIey-stile  to  give  access  to 
the    weights.     This    piece    is    called    the 
"pocket"  and  is  held  in  place  by  a  screw  at 
the  lower  end  and  by  a  brad,  or  dovetailed 
arrangement,  at  the  upper  end. 

F'S-  ^55  shows  a  section  through  the 
head  and  sill  of  a  still  more  elaborate  frame. 
The  sill  has  an  additional  rebate  under  the 
sash,  intended  to  prevent  the  lower  sash 
from  getting  "  stuck,"  and  also  to  keep  out 
rain  and  snow.  This  rebate  is  seen,  how- 
ever, in  only  a  few  localities.  The  rebate  at  pig.  155.  Head  and  sai 
N  is  intended  to  form  a  stop  for  the  bottom  J'/^,^"'''^'""''*  window 
of  the  blinds  and  is  a  desirable  feature. 

This  detail  shows  a  heavy  outside  architrave,  the  inner  edge  being 
flush  with  the  inside  face  of  the  blinds  and  forming  a  rebate  for 
them  to  shut  into,  and  it  makes  a  very  neat  finish  for  a  window. 
It  shows,  also,  a  different  arrangement  of  the  window-stool,  which 
is  dropped  ^  an  inch  below  the  top  of  the  sill.  The  stop-bead  is 
carried  across  the  sill.  This  makes  a  good  finish  but  not  as 
wide  a  stool  as  results  from  the  construction  shown  in  Figs.  153 
and  154,  If  the  finish  is  to  be  painted  the  sill  is  brought  flush 
with  the  inside  of  the  ground-casing  and  the  piece  V  omitted. 
With  hardwood  finish  the  stop-bead  and  the  piece  V  are  made  of 
the  same  wood  as  the  finish.  In  first-class  buildings  the  "stop-bead" 
should  be  fastened  with  round-headed  screws,  which  may  be  of  any 
desired  finish ;  while  in  common  work  small  "finishing  nails"  are  used. 
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2.  Thicknesses  of  Parts.  All  parts  of  window-frames  except  the 
"sills"  and  "yokes"  are  commonly  made  of  ^-inch  stuff.  For  lai^e 
windows  the  "pultey-stiles"  should  be  ij^  inches  thick,  and  if  no 
strip  is  inserted  between  the  outer  sash  and 
the  casing,  the  latter,  also,  should  be  ij^ 
inches  thick.  In  wooden  buildings  the 
sill  should  always  be  at  least  ij4  inches 
thick.  Sometimes  a  "sub-sill"  is  placed 
under  the  regular  sill,  but  this  is  not  com- 
mon, as  its  introduction  is  no  advantage 
in  ordinary  construction. 

The    "parting-strip,"    E,    Fig.    153,    is 

^*aoJ.^™m?"'F»S""wim.""   usually  made  H  of  an  inch  thick  for  i^i- 

inch  sashes  and  "^  of  an  inch  thick  for  i  j^ 

or  2j4-inch  sashes.     The  "yoke"  is  made  from  %  to  i  J4  inches  thick, 

according  to  the  custom  of  the  locality.    A  thickness  of  %%  is  just  as 


good  as  i^  inches.    The  "stool-molding"  is  generally  made  ^  of  an 
inch  thick  in  moderate-priced  houses  in  the  Eastern  States.    In  the 
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West,  however,  %-inch  boards  are  very  seldom  thicker  than  J4  ol 
an  inch  when  dressed  and  ij^-inch  "stools"  are  used  there  alto- 
gether. The  depth  of  the  "weight-box"  should  be  2  inches  for  ij^- 
inch  sashes  of  moderate  size;  while  for  plate-glass  windows  and 
large  windows  with  double- strength  glass,  the  minimum  depth  shoiUd 
be  2%  inches. 


n«.  1S8.     Doublc-Hung  Window- Fcamn.     Frame  Wsllt. 

Fig,  156  shows  the  jamb  of  a  double-hung  window  with  screen 
attached,  in  a  frame  wall.  The  detail  of  the  frame  is  somewhat 
more  elaborate  than  usual.  Fig.  157,  a  and  b,  shows  two  varieties 
of  double-hung  windows  in  frame  walls.  The  sill,  jamb  and  head 
are  shown  in  both  cases.  Fig.  158  shows  other  variations,  in  two 
sets  of  details,  with  sill,  jamb  and  head,  for  double-hung  windows 
in  frame  walls.  Fig.  159  *  shows  other  methods  of  constructing 
double-hung  window-frames.     Detail  a  shows  a  "half-timber"  fin- 

*  AlthODch  tbc  wiDdow- frame  delafls  for  frame  and  brick  wall*  are  {□  lenerat  de- 
•cribcd  Mparatelr  in  diHerent  arliclea,  it  it  occiiionally  moTe  convenient  to  cooaider  aome 
typea  tofctbtr  u  in  Ibi*  itlualcalion.     (See  Art.  141.) 
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ish  on  a  masonry  wall ;  b  and  d  a  similar  finish  for  a  frame  wall ;  c 
shows  a  plaster  finish  on  a  masonry  wall ;  and  e  shows  a  compara- 
tively inexpensive  and  very  good  construction  sometimes  used  for 
windows  in  thin  brick  walls  or  brick-veneered  walls.  Figs,  i6o*, 
i6i  *  and  162  •  show  isometric  perspectives  of  window-frames  in 


onry  Wa! 


frame  walls.     Fig.  161  shows  the  upper  part  of  the  frame  and  its 
relation  to  the  trim  and  wall-framing  and  Fig.  162  shows  the  same 
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for  the  construction  about  the  sill.    The  relations  of  the  various 
parts  are  clearly  shown. 

140.  SHEATHING- 
PAPER  AND  FLASH- 
ING. I.  Sheathing- 
Paper.  When  the  out- 
side casing  is  set  flush 
with  the  boarding  the 
band-mold  or  outside  ar- 
chitrave, C,  Fig.  153, 
should  be  put  on  after 
the  frame  is  fixed  in 
place.  The  sheathing- 
paper  should  be  ex- 
tended onto  the  casing 
and  the  molding  C  nailed 
over  it  and  over  the 
joint  between  casing  and 
boarding.  If  the  casing 
is  set  outside  the  board- 
ing, the  sheath  ing-paper 
should  be  put  on  around 
the  opening  before  the 
frame  is  put  in  place, 
and  the  outside  casing 
should  be  nailed  over  it. 
(See,  also,  Arts.  192  and 
220.) 

2.  Flashing.  When 
the  band-molding  or  the 
casing  is  tightly  nailed 
over  sheathing-paper  no 
flashing  is  needed  on  the 
sides  when  the  wall  is 
covered  with  siding  or 
clapboards ;  and  if  good, 
thick,  tough  paper  is 
used  the  flashing  may  be 
omitted  for  shingles  also, 
although  it  is  much  safer 
to  flash  each  course  of 
shingles  with  pieces  of 
tin,  as  shown  in  the 
figures.    The  top  of  the  ^^-  '"'•   ^'"lowf/'parJ"  ^'^"  ^"''- 


Fig.    161.     Window-Frame  in  Frame  Wall. 
Upper  Part, 
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frame,  however,  should  always  be  flashed,  no  matter  how  it  is  made, 
unless  the  shingles  project  over  the  casing.  The  best  materials  for 
this  flashing  are  lead  and  zinc,  although  tin  is  often  used.  The  flash- 
ing should  be  turned  over  the  edge  of  the  casing  or  band-mold,  as  at 
F,  Fig.  155,  and  securely  tacked  orbradded.  The  bottom  of  the  sill 
should  be  rebated  for  the  shingles  or  clapboards,  as  shown  in  the 
figures.     (See,  also.  Arts.  185  and  187.) 

141.    DOUBLE-HUNG  WINDOW-FRAMES   FOR   BRICK 
BUILDINGS.*    About  the  only  difference  in  the  construction  of 


Fig.  i<3.     Box    Frame    for    Donble-  Fig.  .6*.     Box  Frame  for  Double-Hang  Win- 

Hang  Window  in  Masonry   Wall.  dow    in   Thick    Maunry    WalL 

the  window-frames  in  a  brick  building  from  those  in  a  wooden  build- 
ing, is  that  an  additional  board,  B  L,  called  the  "back  lining," 
Figs.  163  and  164,  is  nailed  to  the  back  of  each  frame  to  form 
a  box  for  the  weights ;  and  a  molding  or  strip,  S,  is  nailed  to  the 
outside  casing  to  make  a  finish  with  the  brickwork.  From  the 
fact  that  a  complete  box  is  formed  for  the  weights,  frames  made 
as  in  Figs.  163  and  164  are  commonly  called  "box-frames."  The 
pulley-slile,  P,  outside  casing,  0  C,  and  yoke  are  the  same  as  in 
a  wooden  building.  The  wooden  sill  of  a  box-frame,  where  a 
stone  sill  is  used,  is  frequently  made  no  thicker  than  1%  inches  and 
the  outside  edge  is  generally  set  flush  with  the  outside  of  the  out- 

*  See.    alio,    Art.    ijg,    ^g.    ijS,    for    >    few    eiamplea   o(    wmdow-framea    (at    btick 
buildinn. 
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side-casing.  In  cheap  work,  also,  the  rebate  in  the  sill  at  R,  Fig.  163, 
is  often  omitted.  In  good  work,  however,  the  sill  should  always  be 
rebated  and  at  least  ij^  inches  thick.  A  thickness  of  i^  inches  is 
advisable  for  large  windows  and  in  some  localities  the  wooden  sills 
are  made  2j4  inches  thick.  Some  architects  show,  also,  the  sills  pro- 
jecting to  the  outer  edge  of  the  "staff -bead,"  S;  but  in  the  author's 
opinion  there  is  no  advantage  in  this,  except  that  a  narrower  stone 
sill  may  be  used.  A  wide  sill  is  more  apt  to  "curl  up"  than  a  nar- 
row one. 

The  piece,  5*^  is  called  the  "staff -bead"  in  the  Eastern  States,  and 
is  there  usually  made  with  a  profile  similar  to  that  shown  in  Fig.  164, 
although  a  three-quarter  bead  is  frequently  used.  Staff-beads  are 
generally  worked  out  of  i^-inch  stuff.  In  the  Western  States  this 
piece  is  more  often  called  a  "brick-mold";  and  for  dwellings  and 
ordinary  brick  buildings  it  is  commonly  made  similar  in  size  and 
shape  to  S  in  Fig.  163,  i^  inches  thick  and  2  inches  wide.  When 
this  shape  of  the  staff-bead  or  brick-mold  is  used,  the  piece,  O  C,  is 
sometimes  called  the  "blind-stop,"  but  more  often  the  "outside  cas- 
ing." A  brick-mold  with  a  cross-section  similar  to  that  shown  in 
Fig-  163,  is  best  adapted  to  windows  that  are  fitted  with  outside 
blinds. 

The  distance,  X,  Fig.  163,  may  be  varied  to  suit  the  taste  of  the 
designer,  but  is  commonly  made  2  inches.  The  distance,  Z,  also, 
is  generally  made  2  inches,  so  that  when  X  and  Z  are  each  2  inches, 
the  width  of  the  opening  for  two-light  windows  is  just  8  inches  more 
than  the  width  of  the  glass.  This  is  very  convenient  when  figuring 
plans  and  taking  off  the  length  of  the  sills  and  caps. 

In  an  8  or  9-inch  brick  wall  the  frame  is  usually  set  so  that  the 
inner  edge  of  the  pulley-stile  is  flush  with  the  plastering.  With  i  J4- 
inch  sashes  it  is  generally  necessary  to  clip  the  backs  of  the  front 
bricks.  In  thicker  walls  the  outside  casing  is  generally  set  in,  just 
the  width  of  a  brick  and  subjambs  and  casings  used,  as  shown  in 
Fig.  164. 

If  a  9-inch  wall  is  furred,  there  is  plenty  of  room  for  i^-inch 
sashes  without  clipping  the  bricks  and  also  for  ground-casings,  such 
as  are  shown  on  the  frame  for  wooden  buildings  in  Fig.  154. 

The  piece,  /  C,  Fig.  164,  is  called  the  "subjamb,"  or  "jamb-cas- 
ing," the  latter  term  being  perhaps  the  more  common.  The  piece,  C, 
is  sometimes  called  the  "subcasing,"  or  "inside  casing" ;  but  the  term 
"box  casing"  is  considered  more  appropriate,  and  is  not  apt  to  be 
confounded  with  the  piece  A,  which  also,  is  called  the  "casing"  in 
many  localities. 

The  "covering-piece,"  V,  is  used  o'nly  where  the  finish  is  of  hard- 
wood, or  is  varnished.     It  has  no  specific  name,  but  is  generally  called 
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a  "veneer."  The  etched  portions  of  the  drawings  in  these  figures, 
with  the  exception  of  the  sashes  and  wall,  belong  to  the  inside  finish. 
The  distance,  Y,  Fig.  164,  may  be  varied  from  '/i  to  3J4  inches,  but 
is  commonly  made  about  zyi  inches.  Under  the  sill  of  every  box 
frame  there  should  be  built  into  the  wall,  a  piece  of  joist  to  which  the 
wooden  sill,  the  ground,  G,  or  the  apron,  if  there  is  no  ground,  may 
be  nailed. 

The  thicknesses  of  the  various  parts  of  a  box  frame  are  usually  the 
same  as  for  a  skeleton  frame,  except  that  in  the  former  the  sill  is 
sometimes  made  thinner,  as  above  noted.  For  large  windows,  and 
for  all  windows  in  first-class  buildings,  the  outside  ca'sing  and  the 
pulley-stile  should  be  ij4  inches  thick. 

Fig,  165  shows  sections  through  the  sill  and  jamb  of  a  window 
that  is  quite  common  in  some  parts  of  Pennsylvania,  where  it  is 
known  as  a  "plank- front"  frame. 
This  frame  shows  a  small  reveal, 
and  is  frequently  used  without  an 
outside  lintel,  the  outer  brick  being 
laid  on  top  of 'the  frame,  which  is 
quite  heavy.  This  detail  shows, 
also,-  a  wood  sill,  which,  while  not 
as  durable  as  a  stone  sill,  will  last 
for  a  long  time  if  kept  painted. 
The  detail  shows,  also,  paneled  shut- 
ters on  the  outside  of  the  window. 
These  shutters  are  quite  common 
in  old  work  and  were  usually  made 
with  the  panels  flush  on  the  outside 
and  molded  on  the  inside.  If  either 
shutters  or  blinds  are  used  on  the 
outside  of  a  window  in  a  brick  wall, 
the  hinges  should  be  so  shaped  that 
the  shutters  or  blinds  will  open  back 
"flat"  against  the  face  of  the  wall. 
Fig.  16s.  ^nnsyivama^Tiank-Froni"  Where  box  framcs  do  not  set  into 
the  wall,  a  piece  of  wood,  about  iJ/J 
by  2  inches  in  cross-section,  should  be  nailed  to  the  back  lining,  as 
shown  at  .S",  Fig.  165,  to  prevent  the  frame  from  being  pushed  in  or 
out. 

Fig.  166  shows  the  details  of  another  typical  double-hung  window 
in  a  masonry  wall.  The  sill  is  shown  at  a,  the  jamb  or  weight-box  at 
b  and  the  head  at  c.  The  outside  casings  and  pulley-stiles  are  made 
of  Ji-inch  material,  although  the  use  of  r^-inch  material  is  much 
better  practice.     The  essential  parts  of  a  double-hung  window  of 
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this  type  are  the  same  for  both  frame  and  masonry  walls.  The  pul- 
ley-stiles and  parting-strips  should  be  of  hardwood,  oiled,  but  not 
painted.  The  construction  of  the  pulley-stile,  as  here  shown,  is  con- 
sidered the  best  and  appears  just  as  it  is  made  by  the  millman.  The 
draughtsman  almost  invariably  indicates  it  grooved  into  the  outside 


Fig.  167.  Doubl«-Hung  Window- 
Frame  in  Hollow-Tile  Brick- 
Vcneered    Wall. 

casing,  with  the  tongue  on  the  outside  face  of  the  stile.  The  inser- 
tion of  a  parting- strip,  to  keep  the  weights  from  clashing,  is  advisable 
but  it  is  often  omitted  in  cheap  work.  Though  usually  hung  from 
the  top,  it  is  sometimes  housed  into  the  back  lining  and  the  pulley- 
stile. 

Fig,    167  •   shows  the   details  of  a  double-hung  window-frame 

■tllfCQ  from  Archittcturt  and  Building  by  pcrniiuion  of  (be  publiihen.  The   W.  T. 
ComMock  Company. 
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in  a  fire-proof  wall  constructed  of  hollow  tile  faced  with  brick.  Fig. 
168*  shows  a  jamb-section  of  a  double-hung  window  in  a  masonry 
wall.  This  detail  is  taken  from  the  University  Club  building.  New 
York  City,  designed  by  McKim,  Mead  &  White.  Fig.  169  *t  shows 
various  jamb,  meeting-rail,  mullion,  head  and  sill-details  of  a  special 
type  of  double-hung  window,  designed  by  Boring  &  Tilton  for  the 
United  States  Immigrant  Station,  in  New  York  harbor.  Fig-  170  "f 
shows  details  of  a  special  type  of  double-hung  window  in  a  masonry 
wall,  designed  by  Ackerman  &  Ross  for  the  Port  Jervis  Public 


Fig.  16S.    Jamb-Scclion   of   Double-Hung    Window    in    Masonry   Wait.     Univcrsily    Club. 
New  York  Cily. 

Library,  Port  Jervis,  N.  Y.  Fig.  171  shows  various  sectional  de- 
tails of  a  special  type  of  double-hung  window  at  the  side  of  an 
entrance-door  in  a  residence  designed  by  Wilson  Eyre,  Architect, 
and  located  at  Ardmore,  Pa. 

Fig.  172  shows  the  detailed  section  through  the  sill,  jamb  and 
head  of  a  window-frame  for  double-hung  sashes  built  in  a  wall 
constructed  of  stucco-covered  reinforced  salt-glazed  tile  made  by 
the  New  York  Holding  and  Construction  Company,  The  draw- 
ings show  clearly  the  typical  construction  and  the  variations  in 
the  details  from  those  used  for  frames  set  in  brick  or  masonry 
walls. 

*  Fig>.  i58,  i6g  and  170  and  some  otfaers  are  redrawn,  and  adapted  by  permiuion,  {nnn 


IVIND  0  W-FRA  MES.  187 

Fig.  173  shows  how  the  window-frames  at  the  jamb,  head  and 
sill  are  set  into  the  reinforced-tile  walls  built  according  to  the 
system  of  the  New  York  Holding  and  Construction  Company  which 
makes   and   controls  the  patents   for  the  Davis   salt-glazed   wall, 


169.     Special  Type  of  DoublcHun 


floor  and  roof-blocks.  These  details  are  copied  by  permission  from 
the  drawings  for  the  house  designed  by  Grenville  Temple  Snelling 
for  Mr,  John  E.  Berwind,  at  Bridgehampton,  N.  Y,  (See,  also, 
Fig.   172.)     At  the  jambs  the  back  lug  of  one  of  the  ordinary 
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wall-tiles  is  broken  out  and  into  the  rebate  formed  in  this  way,  the 
frame  is  set.  The  lirst  cell  in  the  tile  back  of  the  frame  is  poured 
full  of  concrete  around  a  reinforcing  wire  mesh.  The  same  treat- 
ment is  followed  with  the  spaces  between  the  outer  lug  of  the  tile 
and  the  outside  casing  of  the  window-frame.  Across  the  head  of 
the  window  in  all  cases  a  regular  concrete  reinforced-lintel  is  put 
in  place,  the  reinforcement  consisting  of  two  square-twisted  Ran- 
som rods.  As  in  this  wall- construct  ion  the  outside  stucco  is  applied 
directly  to  the  outside  surfaces  of  the  wall-tiles  and  the  finished 
plaster  directly  to  the  inside  surfaces,   without  any   furring,  the 


Public  Ubitrj  Build- 
grounds  are  nailed  to  the  window-frames.  The  joints  between  the 
grounds  and  the  plaster  are  covered  by  the  inside  trim,  including 
a  small  back-band.  In  this  particular  house  the  marble  sills  have 
a  wide  drip  cut  on  the  under  side.  The  outside  stucco  is  finished 
up  into  this  drip  so  as  to  prevent  any  moisture  from  traveling  in  a 
horizontal  direction  along  the  under  side  of  the  sill  and  thus  getting 
into  the  wall. 

Fig.  174  shows  the  detailed  sections  through  the  sill  and  jamb, 
and  Fig.  175  through  the  head  of  a  window-frame  for  double-hung 
sashes  built  in  a  stucco-covered  wall  constructed  of  the  "Natco"  * 

*  Manutaclnrcd   br  the   Nalional    Fireptoofini  Cumpany,   Pilliburs,    Fi. 
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Fig.  171.     Special  Type  of  Double-Hung  Window  at  Side  of  Entrance-Door, 

Residence,  Ardmore,  Fa. 
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Fig.     171.     Window-Frame     for     Double-         Fig.    i7j- 
Iluiw    5aih     in    Wall    ol    New    York  at 

Holdim  and   Canilcuclion   Ca'a.  Tile. 
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tile.     The  sections  show  a  specially  made  tile  sill  and  jamb  and  also 
lintel-tiles  and  clips  supported  by  two  steel  angles. 

142.  STORM-RESISTING  WINDOWS.  Fig.  176  shows  va- 
rious details  of  storm- re  si  sting  windows  and  double-glazed  sashes. 
Details  a,  6,  c  and  d  show  different  forms  of  double-glazed  sashes. 
Detail  e  shows  a  good  form  of  sill;  and  f  and  g  the  sill  and  jamb 
of  an  ordinary  stonn-resisting  window.     Detail  h  shows  the  sill  and 


"I1.;;" 


i   Jamb-Dsls 


jamb  of  a  double  set  of  sliding  sashes  for  use.  in  very  exposed 
positions. 

143.  DETAILS  OF  MULLIONS  AND  TRANSOMS.*  Fig. 
177  shows  the  usual  method  of  constructing  the  mullions  and  tran- 
soms Qf  double-hung  frames  in  wooden  buildings,  the  details  given 
being  adapted  to  the  frame  shown  in  Fig.  155.  The  outside  archi- 
trave is  continued  under  the  sill  of  the  transom,  and  the  molded 

*  S«,  ilM,  Fif*.  IS3  (Detail  C,  D  and  £),  i6g,  i^D,  17S,  179,  iBi,  iSi,  1S3,  184,  cte^ 
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part,  M,  may  be  cut  into  dentils  if  desired.  The  transom-sash  is 
shown  over  the  inner  sliding  sash,  an  arrangement  which  is  gen- 
erally considered  the  best,  if  the  transom-sash  is  to  open.  The  best 
way  to  open  transom-sashes  is  to  hinge  them  at  the  bottom  to  swing 
in  and  down,  as  shown  at  H,  Fig.  177,  as  in  this  way  the  joint  can 
be  made  water-tight.  If  they  are  hinged  at  the  top,  it  is  difficult  to 
make  the  lower  joint  weather-proof.  The  groove  in  the  bottom  rail 
of  the  transom-sash  and  the  rebate  in  the  sill,  shown  at  R,  are  de- 
sirable features.     Mullions  are  commonly  made  like  double  jambs, 


STTOht'aJLf. 


=f^ 


(A)  (b)  (Ci 


Fig.  176. 


Storm- Resisting  Windows,      a,  b,  c.d.     Doublc-Glazcd  Sash.     e.  f,  g. 
Window   with    Storm-Sash.     A.    Double   Set  of   Sliding   Sasoes. 


Ordinary 


with  a  partition  in  the  middle  to  separate  the  weights.  For  i^- 
inch  sashes,  hung  with  round  weights,  the  width  of  a  mullion 
between  outer  faces  of  pulley-stiles  should  not  be  less  than  7  inches. 
The  partial  section  at  5*  is  taken  through  the  pulley-stile  above  the 
transom. 

Fig.  178  shows  sections  of  box  frames  adapted  to  stone  transoms 
and  mullions,  wooden  transoms  and  mullions  in  box  frames  being 
constructed  essentially  as  shown  in  Fig.  177. 

Where  stone  or  brick  mullions  are  used,  a  separate  frame  is  re- 
quired on  each  side  of  the  mullion;  but  the  stone  transom  usually 
projects  only  through  the  outside  casing,  the  jambs  or  boxes  exten^^ 
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ing  the  full  height  of  the  window.  The  upper  section  in  Fig,  178 
is  taken  through  the  side  of  the  frame  above  the  transom.  The 
transom-sash,  if  stationary,  may  be  put  next  to  the  outside  casing; 
but  if  it  is  hung  at  the  bottom,  the  best  place  for  it  is  on  the  inside 
part  of  the  frame,  as  shown  in  the  figure. 

In  Fig,  178,  a  panel  set  flush  with  the  box-casing  veneer  is  shown 
for  the  finish  of  the  mullion,  but  if 
preferred,  the  mullion-boxes  may 
be  finished  the  same  as  the  jambs, 
with  subjambs  extending  to  the 
face  of  the  plaster.  The  method 
shown,  however,  obstructs  the 
light  less  and  the  opening,  in  gen- 
eral appearance,  is  one  window; 
while  with  a  boxed  mullion  it  ap- 


je^ 


louble-Hung 
ramc  BuilJ- 


pears  as  two  or  more  windows  set  side  by  side.  When  the  stone 
mullion  is  not  as  thick  as  the  wall,  steel  beams  should  be  placed  over 
the  window  to  carry  the  weight  of  the  wall  above.  The  "reveal"  of 
a  window  has  no  effect  upon  the  construction  of  the  frame,  but  the 
greater  the  reveal  the  less  will  be  the  depth   of  the  inside  finish. 

Fig.    179  shows  the  various   sections  through   the   frames   and 
^hes  of  one  of  the  dining-room  windows  of  the  University  Club 
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Fig.  179.  Dining-Room  Window- 
Frame,  Double-Hung  and  Transom 
Sash.  University  Qub  Building, 
New  York  City. 


Fiff.  180.  Window-Frame  with  Double- 
Hung  Sash  and  Box  Head.  University 
Club  Building,  New  York  City. 
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building  in  New  York  City,  designed  by  McKim,  Mead  &  White. 
The  sashes  of  the  lower  part  of  the  i8-foot-high  window-openings 
are  double-hung  and  have  transoms  above,  triple-section  in  height, 
the  two  lower  sections  having  the  sashes  hinged  at  the  top,  to  swing 
in  and  up,  and  the  upper  section  having  a  semicircular  sash  hinged 
at  the  bottom,  to  swing  in  and  down,  all  as  shown  in  the  detail  draw- 
ings. The  lower  sash  of  the  double-hung  sashes  is  almost  6  feet 
in  height  and  slides  up  past  the  upper  sash,  the  lower  transom-bar 
and  lower  transom-sash  to  the  middle  transom-bar  as  shown.  The 
triangular-shaped  brass  guard  for  lifting  the  hinged  flap  is  shown, 
together  with  the  special  hinge  to  the  flap  with  springs  at  the  back 
for  throwing  the  flap  out  of  perpendicular  when  released  by  the 
sash  coming  down.  The  sash-chains  are  fastened  to  the  bottom  of 
the  double-hung  sashes  so  that  they  can  be  detached  when  the  sashes 
are  up.     (See,  also.  Figs.  181  and  182.) 

Fig.  180*  shows  a  vertical  section  through  the  bedroom  window- 
frames  and  sashes  of  this  same  club-building.  The  sashes  are 
double-hung  and  of  unequal  height,  the  lower  sash  being  4  feet  3^ 
inches  and  the  upper  sash  i  foot  11^  inches  high.  The  lower  sash 
slides  up  into  a  box  head  as  shown,  the  details  for  hinging  the  flap 
at  the  bottom  of  the  box  head  and  for  lifting  it  being  the  same  as 
shown  in  Fig.  179,*  although  they  are  not  all  drawn  in  this  illustra- 
tion.    (See,  also.  Figs.  181  and  182.) 

144.  TRANSOM-FRAMES  WITH  SINGLE  LIGHT  BE- 
LOW THE  TRANSOM.  Type  E,  Fig,  152,  The  type  of  win- 
dow shown  at  E,  Fig.  152,  both  with  and  without  the  mullion,  is 
now  frequently  used  in  this  country.  It  diflfers  from  the  ordinary 
transom-window  in  having  only  one  sash  below  the  transom,  thereby 
necessitating  an  entirely  diflFerent  construction  of  the  frame.  Such 
windows,  to  be  of  practical  utility,  should  be  constructed  so  that 
the  lower  sash  will  slide  up  a  distance  equal  to  its  height,  or  nearly 
so,  and  the  outside  of  the  transom-glass  should  be  accessible  for 
cleaning. 

Two  quite  diflferent  methods  of  construction  are  shown  in  Figs. 
181  and  182,  both  of  which  have  the  same  appearance  from  the  out- 
side. Both  frames  are  constructed  with  boxes  at  the  sides  for 
weights,  as  in  ordinary  box  frames,  and  the  lower  sash  in  each  is 
operated  exactly  as  in  a  double-hung  window,  except  that  a  pocket 
is  required  above  the  yoke  to  permit  the  sash  to  slide  up  the  full 
height  of  the  lower  opening.  This  pocket  is  formed  by  extending 
the  pulley-stiles  and  weight-boxes  the  full  height,  and  covering  them 
on  the  front  and  back  with  matched  boarding,  the  yoke  being  cut 
in  between  the  pulley-stiles.    Over  the  opening  in  the  yoke  a  board, 

*  Redrawn  by  permission  from  "Building  Details,"  Part  I.  Frank  M.  Snyder. 
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S,  is  fitted,  which  is  pushed  up  by  the  sash  and  drc^s  ^ain  as  the 
sash  is  lowered.  This  board  is  called  a  "follower,"  (See,  also, 
Figs.  179  and  180.) 

In  the  arrangement  of  the  upper  sash,  the  two  details  shown  differ 
widely.     In  the  window  shown  in  Fig.  181  the  upper  sash  is  con- 


structed like  any  transom-sash,  anJ  the  inside  of  the  transom  is  fin- 
ished by  a  shallow  panel,  the  panel-molds  being  cut  between  the 
parting-strips.  If  the  lower  sash  is  not  more  than  4  feet  high,  and 
the  transom  has  but  a  4-inch  reveal,  the  transom-sash  may  be  sta- 
tionary, as  the  glass  can  be  cleaned  by  standing  on  the  sill  and  reach- 
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tag  above  the  transom.  If  the  lower  opening  is  more  than  4  feet 
high,  or  if  the  transom  has  an  8-inch  reveal,  then  the  transom-sash 
should  be  hinged  so  that  it  can  be  opened ;  and  the  best  way  to  do 
this  is  to  make  the  outside  casing  wider,  as  shown  by  the  dotted  lines, 
and  the  sash  H  an  inch  nafower,  so  that  it  will  swing  in  by  the 
parting-strips,  the  sash  being  hinged  at  the  bottom.  In  the  draw- 
ing the  transom-sash  is  shown  stationary.  The  author  has  used  this 
construction  with  very  satisfactory  results. 

The  construction  shown  in  Fig,  182  is  very  frequently  used,  and 
appears  to  be  a  very  practical  solution  of  theproblem.  This  con- 
struction is  the  same  as  that  of  an 
ordinary  double-hung  window  with 
a  head-pocket,  except  that  a  tran- 
som is  placed  in  front  of  the  upper  I 
sash  and  the  lower  portion  of  the  up- 
per sash  has  a  wooden  panel.  By  this 
arrangement  both  sashes  slide  up  a' 
down  in  the  usual  way  and  the  oi 
side  transom  is  merely  for  appe^ 
ance,  without  the  constructive  fur 
tions  of  a  transom. 

The  back  of  the  stone  transom 


^mnn/i 


Fig.  1 8 J.    Large-LiEht  V 


Iclphis.    Pa. 


Fig.  184.     Sectioi 


covered  by  a  panel,  with  a  space  of  about  Ma  of  an  inch  left  be- 
tween the  panel  and  the  outer  sash.  The  only  objections  to  this  con- 
struction are  that  ice  may  possibly  form  between  the  transom-panel 
and  the  upper  sash,  and  that  there  may  be  some  difficulty  in  cleaning 
the  glass  in  the  upper  sash.  When  the  sash  is  lowered  to  reach  over 
it,  the  bottom  of  the  glass  is  behind  the  transom  and  inaccessible,  al- 
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though  it  may  possibly  be  reached  from  below.  When  the  glass 
must  be  cleaned  from  the  inside,  the  construction  shown  in  Fig.  i8i, 
with  the  transom-sash  hung,  appears  to  be  the  best.  The  dotted  lines 
back  of  the  transom  show  how  a  box  transom  may  be  built  inside ; 
but  it  is  very  doubtful  if  this  extra  finish  adds  to  the  appearance,  and 
it  increases  the  difficulty  of  cleaning  the  glass. 

Fig.  183  shows  the  elevation  of  a  window  similar  to  that  shown  at 
E,  Fig.  152,  but  with  the  upper  lights  divided  by  a  wooden  mullion. 
This  window  is  one  of  several  used  in  the  first  story  of  the  Odd 
Fellows'  Temple,  Philadelphia,  Pa.,  designed  several  years  kgo  by 
Hazelhurst  &  Huckel.  The  lower  light  being  very  wide,  permits  an 
extended  view  from  the  inside  and  looks  well  from  outside.  The 
construction  of  the  window  is  shown  in  Fig.  184,  the  lower  sash 
sliding  up  into  a  pocket  above  the  head,  and  the  transom-sash  being 
fixed.  It  will  be  seen  that  the  general  construction  is  very  similar 
to  that  shown  in  Fig.  181,  the  principal  difference  being  that  the 
transom  is  constructed  entirely  of  wood  and  that  the  parts  of  the^ 
frame  are  heavier.     (See,  also,  Fig.  207.) 

145.  PATENT  DOUBLE-HUNG  WINDOWS  WITH  RE- 
VOLVING SASHES.  I.  General  considerations.  Although  the 
ordinary  double-hung  window  has  been  found  superior,  on  the 
whole,  to  any  other  device  for  furnishing  light  and  ventilaton,  it 
has  two  defects,  one  of  which  becomes  quite  serious  in  the  upper 
stories  of  buildings.  These  defects  are,  that  the  outside  of  the 
glass  is  not  easily  cleaned  and  that  only  one-half  of  the  opening 
can  be  utilized  at  one  time  for  ventilation,  unless  a  pocket  is  pro- 
vided above  the  head.  Several  devices  have  been  patented  for  over- 
coming these  objections.  Among  the  most  successful  of  these  ap- 
pear to  be  the  devices  which  permit  each  sash  to  revolve  on  a  center, 
thus  making  it  possible  to  clean  the  outside  of  the  glass  from  the 
inside,  and  to  obtain  a  greater  amount  of  ventilation  in  warm 
weather. 

2.  Boiled  Patent  Revolving  Sash.  Of  these  patented  windows, 
one  which  appeared  to  be  the  most  practicable,  or  which,  at  least, 
found  great  favor,  is  known  as  the  "Bolles*  Patent  Revolving  Sash." 
This  window  has  been  very  extensively  used  in  New  York  and 
neighboring  States  with  very  satisfactory  results. 

The  revolving-arrangement  can  be  fitted  to  any  double-hung 
window-frame,  as  it  affects  the  sash  only.  Each  sash  is  pivoted  at 
the  center  of  gravity  of  the  sides,  the  sash  being  made  narrower 
than  the  width  between  the  stop-beads  and  pivoted  to  a  separate 
convex  strip,  which  slides  up  and  down  in  the  frame  like  an  ordi- 
nary window-sash;  and  the  sash-chains,  ribbons  or  cords  aVc 
attached  to  the  strips,  as  shown  in  Fig.  185.     The  inner  surface  of 
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the  strip  is  convex  and  accurately  fits  into  a  corresponding  concave 
groove  in  the  side  of  the  sash,  making  a  perfectly  water-tight  joint. 
The  back  of  the  sliding  strip  is  pressed  against  the  pulley-stile  by 
specially  designed  expansion-pins,  fitted  with  springs;  and  the 
pivots,  also,  are  fitted  with  springs  which  hold  the  sash  and  sliding 
strip  firmly  against  each  other,  no  matter  in  what  position  the  sash 
is  placed. 


Fig.  185.     Holies'  Patent  Revolving  Sash. 

It  is  claimed  that  by  means  of  the  expansion-pins,  above  de- 
scribed, the  sashes  are  held  as  firmly  and  run  as  smoothly  as  in 
the  old-style  window  and  that  they  are  just  as  tight.  In  order  to 
turn  either  sash,  it  is  reversed  or  placed  in  a  slanting  or  horizontal 
position,  and  all  that  is  then  necessary  is  to  push  the  bottom  rail 
outward,  the  binding-action  of  the  springs  being  sufficient  to  hold 
the  sash  in  any  desired  position.  The  sliding-strips,  preferably  of 
straight-grained  white  pine,  may  be  made  at  the  mill  which  fur- 
nishes the  sashes ;  or  they  may  be  obtained  from  the  manufacturers, 
who  furnish,  also,  all  necessary  fittings  and  complete  working  plans 
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for  shaping  the  stiles  and  applying  the  fittings.  The  side-pulleys 
should  be  placed  as  high  as  possible,  overhead-pulleys  being  pre- 
ferred. The  cords  and  weights  are  the  same  as  in  an  ordinary 
window  and  the  parting-strip  projects  ^^^  of  a"  i^ch.  This  device 
is  used,  also,  on  transoms  and  large  non-sliding  sashes.  The  mech- 
anism of  these  sashes  and  their  operation  are  shown  in  Fig.  185. 
3.     The  Bradshaw  Rei-ersible  IVindozv-Fixlure.     Fig.  186  shows 


Lower  Sa«h  opta  foi  clcutog  Upper  Si*h  optB  Air  dauiiiiB 

Fig.  186.     Bradsliaw  Rrvctsible  Window- Fiilufc. 

the  Operation  of  these  fixtures.  They  consist  of  automatically  con- 
necting and  disconnecting  hinges  which  are  so  attached  to  the 
window-sash  and  casing  that  both  the  lower  and  the  upper  sash  may 
be  opened  in,  as  in  a  swing-door.  A  button,  also,  that  holds  the 
stop-plate  in  position,  and  pulley -clutches  that  automatically  hold 
the  weight-ropes  or  chains  when  the  sashes  are  opened  for  washing, 
are  provided. 
These  appliances  tend  to  eliminate  the  dangers  of  window-wash- 
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ing  by  allowing  the  washer  to  stand  on  the  floor  of  the  room  in  a 
natural  position  while  washing  both  the  inside  and  outside  of  the 


Fig.    189.     T*-  Fig.    igo.    Action  of  Ta- 
bor       Saih-  bor      Sash-Fixlure     on 
Fixture    and  Double-Hung  Saih. 
Slrip. 

sashes.  They  may  be  attached  without  disfiguring  either  the  sashes 
or  the  casings  and  in  such  manner  that  the  former  will  swing  either 
to  the  right  or  to  the  left,  but  preferably  to  the  left  to  allow  a  free 
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use  of  the  right  hand  in  cleaning.  As  screens,  bars  and  gratings  are 
in  no  way  interfered  with,  these  fixtures  are  convenient  for 
schools,  jails,  hospitals,  office-buildings,  etc.,  where  the  windows 
are  often  guarded  from  the  outside.  They  are  made  to  match  the 
hardware,  in  two  sizes  for  regular  use,  and  are  stamped  out  of 
cold-rolled  bright  steel.  Size  No.  I  will  carry  windows  weighing 
up  to  thirty  pounds  per  sash,  No.  2  being  used  for  windows  of 
greater  weight.    A  special  fixture  is  made  for  use  on  metal  sashes. 

4.  The  Tabor  Sash-Fixture.  This  fixture  is  adapted  for  use  on 
both  double-hung  and  weightless  windows,  having  either  wood  or 
metal-covered  frames  or  sashes,  and  permits  the  sashes  to  slide  and 
revolve.  It  is  weather-proof,  the  space  between  the  edge  of  the 
sash-stile  and  the  pulley-stile  being  entirely  filled  by  the  thicker 
edge  of  the  hanging-strip.  Fig.  187  illustrates  the  construction, 
with  the  sash  closed,  a  being  the  side  of  the  frame,  b  the  hanging- 
strip  and  c  the  sash-stile.  Fig.  188  shows  the  same  parts  in  position 
when  the  sash  is  open.  Fig.  189  is  a  detail  of  the  fixture  and  strip. 
When  the  strip  is  drawn  to  the  sash  at  the  pivotal  point,  this  curve 
forms  a  spring  of  the  strip  itself,  at  the  ends,  and  a  tight  and 
weather-proof  joint  is  assured.  The  pivot-plates,  which  are  placed 
between  the  hanging-strips  and  sash-stiles,  have  interlocking  cor- 
rugations on  the  contact-faces  which  hold  the  sashes  at  various 
angles  when  pivoted  for  purposes  of  ventilation;  and  they  take  up 
all  wear  when  the  sashes  are  revolved.  The  space  between  the  thin 
edge  of  the  hanging-strip  and  the  pulley-stile  allows  the  strip  to 
swing  back  with  a  hinge-motion,  unlocking  the  joint  between  the 
strip  and  the  sashes.  In  this  condition  the  sashes  may  be  adjusted 
to  any  desired  position.  This  fixture,  like  several  others  of  a  sim- 
ilar nature,  tends  to  eliminate  the  dangers  of  window-cleaning,  as 
the  sashes  may  be  placed  in  any  required  position,  turned  entirely 
around,  or  removed  at  will  by  the  operator  while  standing  on  the 
floor.  Another  fixture  is  made,  also,  for  use  with  windows  having 
fixed  screens  or  outside  gratings,  as.  in  prisons,  banks,  etc.  In  this 
case  the  sashes,  when  closed,  are  locked  to  the  strips  by  specially 
designed  catches  which  cannot  be  tampered  with,  as  they  are  out  of 
sight  and  operated  by  a  key.  Fig.  190  illustrates  the  action  of  the 
regular  fixture  when  used  with  a  double-hung  window.  This 
fixture  can  be  used  when  two  or  more  sashes  are  placed  one 
outside  of  the  other;  and  by  a  simple  equalizing-connection  each 
inside  sash  operates  the  one  next  outside,  both  in  opening  and 
closing.  These  fixtures  are  adapted  for  use  on  all  types  of  build- 
ings. 

146.  CASEMENT-FRAMES.  Windows  in  which  the  sashes 
are  hinged  at  the  sides,  to  swing  in  or  out  like  a  door,  are  called 
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"casement-windows."  When  the  windows  are  6  or  7  feet  high  and 
the  sashes  are  divided  into  two  folds,  the  sill  coming  nearly  to  the 
floor,  they  are  frequently  termed  "French  windows." 

It  is  very  difficult,  and  in  fact  almost  impossible,  to  construct  3 
casement- window  so  that  the  rain  cannot  beat  in,  unless  the  sashei 
are  hung  to  swing  out;  and  if  the  sashes  open  outward  it  is  im- 
practicable to  use  outside  fly-screens.     If  the  window  is  in  an  ex- 


Fig,    191.       Section    of  Fig.    ijw.       Section    of    Coe- 

Casemeiit  •   Window,  nwnt    -    Window,        Engliih 

Subes  Swinging  Out.  Metbod,  Ssibu  Swinging  In. 

posed  position  it  is  much  better  to  hang  the  sashes  to  swing  out, 
even  if  this  does  necessitate  inside-screens. 

The  construction  of  a  casement-window  frame  is  very  much  like 
that  of  a  door-frame,  the  difference  being  in  the  arrai^ement  of  the 
wood  sill  and  in  the  rebate  for  the  sashes. 

Fig.  191  is  a  section  through  the  jamb,  sill  and  meeting-stiles  of 
a  casement-window  in  which  the  sashes  are  to  swing  out,  showing 
the  English  method  of  forming  the  rebates.  In  ordinary  work 
in  this  country,  thf;  half-round  rebate,  B,  and  also  the  astragal-mold 
at  A,  are  generally  omitted,  the  meeting-stiles  having  an  ordinary 
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rebate.  Fig.  193  shows  a  style  of  casement-frame  often  used  in 
the  East.  The  rebate  for  the  bottom  of  the  sashes  is  the  same 
as  in  the  previous  example,  but  the  side-rebates  are  different.  The 
hollow  in  the  edge  of  the  stop-bead  is  made  with  the  idea  that  if 
rain  is  driven  through  the  rebates  it  will  stop  in  this  space  and 
descend  to  the  sill,  where  an  outlet  should  be  provided  for  it. 
With  a  frame  of  this  pattern  the  sashes  can  swing  open  only  a 
little  more  than  90  degrees.  If  it  is  desired  to  swing  the  sashes 
back  against  the  walls,  the  edge  of  the  frame  must  be  kept  out 
nearly  flush  with  the  face  of  the  wall.  The  strip  of  board 
shown  on  the  back  of  the  frame  is  nailed  to  it  for  the  purpose 
of  holding  it  more  securely  in  place,  and  it  may  be  put  on  in  short 


Fig.  1 


lengths.  The  shape  of  the  staff-bead  is  a  matter  of  design ;  it  is 
often  "stuck"  on  the  frame,  but  there  are  some  advantages  in 
making  it  a  separate  piece,  as  shown  in  the  figure.  The  dotted 
lines  across  the  transom-bar  show  how  it  may  be  built  of  two 
pieces  of  plank. 

Figs.  192  and  194  show  two  details  for  casement-frames  with 
sashes  opening  in.  The  former  shows  the  English  method  of  con- 
struction, which  is  generally  considered  the  best,  although  the  sill- 
detail  shown  in  Fig.  194  is  an  excellent  one.  This  joint  is  designed 
with  the  idea  that  if  water  penetrates  to  the  groove,  G,  Fig.  194, 
the  driving  force  will  be  diminished  by  the  increased  area  of  the 
space,  and  that  the  water  will  collect  in  the  bottom  of  the  groove 
and  pass  out  through  little  holes  bored  through  the  outer  lip. 

The  outside-finish  of  the   frame  shown  in  Fig.   194  is  merely 
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offered  as  a  suggestion,  as  it  is  not  an  essential  part  of  the  construc- 
tion, the  most  important  constructive  features  of  these  two  details 
being  the  connections  between  the  jambs  and  sill.  Casement-win- 
dow frames  and  sashes  should  be  at  least  ij4  inches  thick  and  when 
in  brick  or  stone  walls  should  be  well  secured  to  the  masonry. 

When  casement-windows  are  less  than  5  feet  high,  and  more  than 
3  feet  wide,  it  is  better  construction  to  have  a  narrow  mullion  be- 
tween the  sashes  than  to  have  the  sashes  rebated  together. 

Fig.  195  shows  various  jamb  and  sill-details  of  casement-win- 
dows opening  in.  Details  a,  b  and  c  are  for  frame  walls  and  d,  e 
and  /  for  masonry  walls.    Detail  d  illustrates  an  elaborate  form  of 
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Fig*    195«     Casement-Windows,   Sash   Opening  In. 
a  and  d.  Sills ;  d,  c,  e  and  /,  Jambs. 

sill-construction  which  has  been  carefully  studied  to  make  it  as 
weather-proof  as  possible.  Fig.  196  shows  a  variety  of  jambs, 
transoms  and  meeting-stiles  for  casement-windows  opening  out. 
Sections  a,  c,  i  and  m  are  of  meeting-stiles,  i  requiring  both  leaves 
of  the  window  to  be  opened  or  closed  at  the  same  time.  Fig.  197 
shows  the  details  of  a  casement-window  in  a  masonry  wall  opening 
out  and  having  muUions  and  transoms.  In  this  type  the  woodwork 
is  reduced  to  a  minimum  in  order  to  secure  as  large  a  glass-area 
as  possible.  With  metal  frames  and  sashes  the  glass-area  can  be 
still  further  increased.  Stone  mullions  and  transoms  are  usually 
made  from  4j^  to  6  inches  in  thickness  in  windows  of  this  charac- 
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ter.  Fig.  198*  shows  various  details  of  a  large  window,  20  feet 
in  height,  in  the  Home  Qub  building,  New  York  City,  designed  by 
Gordon,  Tracy  &  Swartwout.  The  drawings  show  sections  through 
the  curved  transom-sash,  muntins,  rail  at  top  of  swing-sash  and 


Fig.   196.     Casement-Windows,  Sashes  Opening  Out. 

bottom  rail  and  sill.    A  lower  section  of  the  whole  window  is 
arranged  as  a  casement-door,  swinging  out  onto  a  balcony.     Fig. 

*  Fig.    198   and   several    others  are   adapted,   redrawn   and  used   by   permission,    from 
"Building   Details/'   by   Frank   M.    Snyder. 
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SECTION   THROUGH  HEAD- 


SECTION     THR.0\/6H    JAMB- 


SECTION   THROUGH    TRANSOM. 


-    SECTION    THROUGH    SILL 


Fig.   197.     Casement' Window  in  Masonry  Wall,  Sashes  Opening  Out. 
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ansom     and     Casement- 5uh« 
if  L»rge  Window, 
and    lued   by   pcrmiBiion,    from 


199  shows  the  details  of  an  inex- 
pensive and  practical  casement- 
window  with  sashes  made  to  swing 
out  and  designed  for  frame  walls. 
This  was  designed  by  Willatzen  & 
Byrne,  of  Seattle,  WashingtcMi. 
The  "shiplap"  siding  and  exterior 
trim  are  "rough-from-the-saw." 
Fig.  200  shows  jamb  and  sill-de- 
tails  for  a  double-sash  casement- 
window  for  very  exposed  posi- 
tions, the  outer  casement  opening 
outward  and  the  inner  opening  in- 
ward. All  the  finish  inside  of  the 
outer  sashes  should  correspond  to 
the  inside  finish  of  the  room  in 
order  that  the  inner  sashes  may 
be  removed  in  summer.  If  re- 
quired, mosquito- screens  can  be 
substituted  for  them. 

Fig,  201  shows  various  details 
of  casement- windows  constructed 
to  secure  weather-tjght  joints. 
Tlie  large-scale  section  is  through 
the  jamb  and  meeting-stiles  of  an 
ordinary  casement- window  frame. 

Fig.  202  *  shows  various  detail 
sections  through  the  frames, 
sashes,  paneling,  etc.,  of  th^  case- 
ment-doors and  casement- win- 
dows of  the  building  designed  by 
H.  Van  Buren  Magonigle  for  Mrs, 
Daw's  School,  at  Briercliff  Manor, 
New  York.  Sections  a,  b,  c,  d,  e 
and  i  show  the  construction  of 
the  casement-doors  and  sections 
/,  g,  ft,  k  and  I  show  the  con- 
struction of  the  casement-win- 
dows. 

Metal  casement-windows  were 
used  in  the  time  of  the  Roman 
Empire,  but  faults  in  their  con- 
struction, mainly  those  of  leakage, 

Dctaili."   Part    I,   by    Frank   M. 
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gradually  led  to  the  substitution  of  wood  for  metal.  Within  the 
last  twenty-five  years  metal  casements  have  been  so  much  improved 
that  up  to  about  30  square  feet  in  area  for  each  opening-leaf  they 
are  now  practical  for  modern  use. 

The  ideal  casement- window  should  be  per- 
manent, rust-proof,  fire-proof  and  weather-tight. 
Provision  should  be  made  for  condensation  and 
for  opening  to  the  full  width.  It  should  not 
rattle,  warp  or  twist  and  should  open  and  close 
easily,  offering  a  minimum  obstruction  to  light. 
The  "Economic"  *  metal  casement  ic  not 
meant  to  supersede  the  ordinary  casement  and 
frame,  both  of  which,  in  masonry  buildings, 
'  Ciieroeni-window'foir  are  Usually  made  of  metal ;  but  to  furnish  a  win- 
outioDL  ^^^  which  has  the  appearance  of  an  ordinary 
all-metal  casement  without  the  disadvantages  of  a  wooden  one  and 
which  is  weather-tight  under  all  conditions.  It  is  designed  for  use 
in  wood  openings  only,  consists  of  a  metal-casement  frame  hung  on 
wood  jambs  and  is  in  contact  with  metal  strips  all  around.  These 
casements  are  made  of  solid  bronze,  "koperoid-steel"  and  solid  steel 


r  DettilB  for  Wcall 
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in  rolled,  patented,  welded  sections.  Fig.  203  shows  a  section  of 
the  lower  rail  of  a  metal  casement  used  in  a  masonry  wall.  The 
bronze  condensation-gutter,  also,  is  shown  in  this  figure.  Fig.  204 
shows  the  jamb-detail  for  a  simitar  window  and  Fig.  205  the  section 

*  Manufactured  by  tlie  CciltiU  CaMment   Compinr,    Detroit,  Mkb. 
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Fig.  201.     CiKioent-Doors,    Sa^ei   and    Framei.    Mn.    Daw's    School- Building,    Briireliir 
Manor,  New  Yoik. 

and  details  of  the  "Economic"  metal  casement  for  use  in  wood 
jambs.  The  molded  metal  strips  which  are  fixed  to  the  woodwork 
by  ordinary  wood  screws  overcome  any  unevenness  in  the  wood 
framing,  while  the  double  strip  at  the  sill  collects  and  drains  the 
water  of  condensation.  All  openings  for  this  type  of  window 
should  be  made  with  J^-inch  rebates  all  around, 

147.  PIVOTED  SASHES.  Sashes  Pivoted  at  the  Sides.  In 
many  places  where  windows  with  single  sashes  are  used  it  will  be 
found  better  and  more  economical  to  pivot  them  at  the  center  of 
the  sides  than  to  hang  them  on  hinges.  In  audience- rooms,  espe- 
cially, this  is  a  very  good  arrangement  for  small  windows,  and 
sashes  as  high  as  8  and  10  feet  are  often  pivoted  in  this  way.  By 
swinging  the  sash  out  at  the  bottom  and  in  at  the  top,  the  danger 
from  leakage  is  not  much  greater  than  in  a  double-hung  window. 
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The   frames   for  such   windows   should   al- 
ways be  made  of  planks;  and  they  should 
not  be  rebated,  but  made  as  shown  in  Fig. 
206,  with  stops,  S  S,  nailed  partly  to  the 
frame   and   partly   to   the   sash,   as   shown. 
Both  stops  are  cut  on  a  bevel  near  the  cen- 
ter of  the  window,  the  upper  part  of  the  out- 
side  stops  being  nailed   to  the   frame   and 
the   lower  part  to  the  sash,   while  the   re- 
verse is  the  case  with  the  inner  stop.     The 
sill-joint  should  be  as  shown  in  Fig.   191. 
2.    Sashes  Pivoted  at  the  Top  and  Bot- 
tom.   Lai^e  plate-glass  windows,  with  single 
lights,  are  generally  pivoted  at  the  top  and 
bottom;  and  when  the  sash  is  unsymmetrical 
in  shape,  as  in  the  case  of  the  outer  sash  in 
the      window 
shown  at  I,   Fig. 
152,  this  is  about 
the  only  practical 
method  of   open- 
ing  the    window. 
The  frames  of 
such  windows 
should    be    made 
of     planks,     and 
the  Joint  between 
the    bottom     rail 
Fig.  104.   Jamb  of  Mcui  Caie-   of   the   sash   and 

mtnl-Window.  tJ,g        ^Qod         sill 


Fig.  id;.       DeUili  of  "Eco- 
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should  be  arranged  in  a  manner  similar  to  that  shown  for  case- 
ment-sashes which  open  it. 

Fig.  2{V  shows  the  detail  of  the  large  single-light  windows  in  the 


Fit-  ao6,  Window-SMh  Pivoted      Fi«.  107.     WiodowSish  FiTOled  >C  Top  and  Bollom. 
It  SIdo. 

Odd  Fellows'  Temple,  Philadedphia ;  and  the  manner  of  stopping 

the  sash  at  the  sides  appears  to  be  about  as  good  as  can  be  devised. 

The  stop,  5",  is  placed  flush  with  the  outside  of  the  sash  at  one  side 

of  the  window  and  flush  with  the  inside  of  the  sash  at  the  other 

side,  as  shown  in  the  plan.     Such  windows  are  constructed  also  in 

a  manner  similar  to  that  shown 

in  Fig.  206,  with  one  stop  nailed 

to  the  inside  of  the  sash  and  the 

other  to  the  outside  and  with  the 

upper   stops   cut  at   the  center. 

Windows,  up  to  5  or  6  feet  in 

width,   may  be  pivoted   in   this 

way,  but  the  sash  should  be  made 

quite  heavy  and  never  less  than  rfjjS- 

2%    inches    thick.     ( See,    also, 

Figs.  183  and  184.) 

148.    BAY  WINDOWS,    i. 
General    Construction.    As   bay 

windows  are  commonly  con-  ^'"-  "^-  ^"'^^  of  ^.^^  Window  in  Maionr, 
structed  there  is  a  solid  pier  at 

the  angles,  and  the  windows  proper  are  made  in  the  same  way  as  if 
they  were  in  a  straight  wall.  When  the  bay  is  of  masonry  and  it  is 
desired  to  have  the  angle  between  the  windows  as  small  as  possible, 
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iron  or  stone  angles  or  mullions  are  used.  Very  frequently  an  inMi 
post  is  set  in  the  angle  to  support  the  lintels  above  and  cased  on  the 
outside  with  stone  or  terra-cotta.  Fig,  208  shows  a  section  through 
an  angle  constructed  in  this  way.  The  detail  may  be  of  value  to  the 
younger  architects  as  it  shows  the  manner  of  securing  the  frames 
and  the  terra-cotta  casing. 


nm  iiu 


2.  Shallow  Bay  Windows.  Bay  windows  of  this  type  are  often 
built  within  the  thickness  of  the  walls  of  brick  or  stone  buildings; 
and  in  such  cases  the  whole  bay  is  formed  by  the  window  proper. 
Fig.  209  shows  a  half-elevation  and  plan  of  two  styles  of  such 
windows.  In  the  one  at  the  left,  a  casement-sash  is  used  and  in 
the  one  at  the  right  the  side-window  is  double-hung,  while  the 
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center  sash  is  stationary  or  pivoted  at  the  top  and  bottom.  En- 
larged sections,  on  the  lines  A,  B,  C,  etc.,  are  shown  in  Fig.  210, 
In  such  windows  the  woodwork  should  be  as  light  as  practicable 
and  hence-  the  pockets  for  the  weights  are  dispensed  with  in  the 
double-hung  window  and  sash-balances  used  instead.  By  making 
the  angle  about  3  inches  wider,  however,  pockets  can  be  used. 

The  lead  strip  shown  in  Section  £,  Fig.  210,  is  suggested  as  a  good 
detail  to  protect  from  the  weather  the  joint  under  the  wood  sill  of 
any  window ;  and,  although  not  often  used,  is  an  approved  construc- 
tion for  all  first-class  residences.  The  inside  finish  of  the  head 
and  sill  would  be  essentially  the  same  in  both  of  the  windows  shown. 
When  such  windows  extend  through  two  stories  the  wall  under  the 
upper  windows  need  not  be  more  than  6  inches  thick,  thus  increasii^ 
the  size  of  the  room. 


Fii.  tin.     Detail!  of  Bar  Window  Shown  in  F!2.  109. 

Stone  lintels  over  such  windows  should  either  be  as  thick  as  the 
wall  or  they  should  be  supported  by  iron  lintels,  each  with  a  wide 
plate  at  the  bottom  flush  with  the  stone. 

149.  ORIEL  WINDOWS.  Fig.  211*  shows  various  sections 
through  a  side-gable  and  oriel  window  in  the  residence  designed  by 
Aymar  Embury,  II,  for  Mr,  Daniel  Pomeroy  at  Englewood,  N.  J, 
Sections  0  and  b  are  taken  through  the  string-course  moldings  be- 
tween the  first  and  second  stories.  Section  b  shows  also  the  sill  and 
lower  part  of  the  casement-sash.  Section  c  is  taken  horizontally 
through  the  jambs  of  the  casement-windows.     Section  d  is  taken 

*  Flit.  >ii  and  313  tte  sdaplcd,  redrawn,  and  used  by  p«rmi»ion,  from  "BuildJoc 
Sctaila,"  b^  Fiank  M.  Snrder. 
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vertically  through  the  head  of  the  casement  window-frame  and 
through  the  eaves  of  the  oriel  roof.  The  exterior  plaster-work  was 
put  on  in  two  coats  on  ex- 
panded-metal  lath  which  was 
painted  two  coats  and  laid  on 
top  of  the  sheathing  paper  on 
^  by  ij^-inch  strips  set  not 
over  12  inches  on  centers. 
The  studs  are  of  hemlock  and 
the  exterior  woodwork,  ex- 
cept the  shingles,  entrance- 
door,  window-frames  and 
sashes,  is  of  chestnut,  stained 
a  dark-brown  color.  The 
shingles  are  red  cedar  and  the 
window- frames,  sashes  and 
trim  are  white  pine,  painted 
white.  All  upper  surfaces  of 
projecting  moldings,  etc.,  are 
flashed  with  tin,  as  shown. 

Fig.  212  shows  the  details  of 
an  oriel-bay  window  in  the 
dining-room  of  the  house  ■  re- 
ferred to  in  the  preceding  para- 
graph. The  drawings  include 
a  small  section  of  the  entire 
oriel  bay  with  the  zinc-lined 
flower-tray,  strainer  and  drain ; 
a  larger  section  through  corner, 
sill  and  bottom  of  oriel  bay; 
sections  through  oriel  cornice 
and  through  the  oriel  where  it 
joins  the  outside  walls  of  the 
building;  and  a  vertical  section 
through  the  dining-room  wains- 
coting and  ceiling-angle  mold- 
ings. The  sashes  swing  out 
and  are  trimmed  with  bronze 
sash-adjusters  at  the  bottom 
'^'8*»ideM?"El«i™D'c3  ^"j"*'  ^""^  bronze  lever  sash-fasten- 
ers near  the  centers.  The  in- 
terior wood  finish  is  of  cypress,  stained  a  dark-brown  color,  the  in- 
terior plaster  has  a  bufE-painted  sand-finish  and  the  floors  are  ash. 
The  various  details  of  construction  are  clearly  shown. 
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3.    SASHES. 

150.  DETAILS  OF  SASH-CONSTRUCTION.  The  movable 
frames  which  receive  the  glass  in  any  style  of  windows  are  called 
"sashes,"  and  are  made  for  various  types  of  windows  in  essentially 
the  same  manner  throughout  the  country.  Fig.  213  shows  an  ele- 
vation of  the  sashes  for  a  double-hung  window  and  enlarged  sections 
through  the  rails. 

The  pieces  forming  the  top  and  bottom  of  the  sashes  are  called 
"rails,"  and  the  side-pieces  "stiles."  The  small  bars  dividing  a 
sash  into  lights  are  usually  called  "muntins,"  although  sometimes 
they  are  called  "sash-bars."  The  latter  term,  however,  is  more  fre- 
quently applied  to  the  bars  which  divide  the  large  windows  used  in 
store-fronts.  The  different  pieces  of  glass  are  commonly  called 
"lights,"  and  a  window  is  spoken  of  as  "one-light,"  "two-light," 
"four-light,"  etc.,  according  to  the  number  of  "panes"  of  glass  in 
the  whole  window.  Formerly,  windows  of  ordinary  size  were  made 
with  as  many  as  eight  and  twelve  lights,  owing  to  the  greater  cost 
of  large  pieces  of  glass ;  but  now  such  windows  are  generally  made 
with  only  one  light  in  each  sash,  and  are  called  "two-light  windows" 
when  double-hung.  The  sashes  in  factory-windows,  etc.,  are  still 
made  with  eight,  twelve  or  eighteen  lights,  and  in  dwellings  small 
lights  are  sometimes  used  for  architectural  effect.  Glass  is  now  so 
cheap,  however,  and  it  is  so  much  easier  to  clean  windows  having 
but  one  light  to  each  sash,  that  large  lights  are  greatly  preferred. 

As  a  rule,  the  size  of  a  window  is  indicated  by  the  size  of  the  glass 
and  the  number  of  lights.  Nearly  all  lumber-dealers  carry  several 
sizes  of  sashes  in  stock,  ready-glazed,  and  such  sashes  are  called 
"stock  sashes."  They  cost  a  little  less  than  sashes  which  are  made 
from  special  designs  and  are  generally  used  in  the  cheaper  class  of 
buildings. 

The  common  thicknesses  of  sashes  are  ij^  and  Ij4  inches,  but 
the  thinner  sashes  should  be  used  only  in  the  cheapest  class  of  build- 
ings. The  usual  proportions  of  the  rails  and  stiles  in  such  sashes 
are  indicated  in  Fig.  213.  In  New  England  the  width  A  is  generally 
only  i^  and  the  width  C  2%  inches ;  but  in  the  Middle  and  Western 
States  the  dimensions  given  are  almost  universal. 

In  stock  windows  and  in  specially  designed  windows,  unless  other- 
wise indicated,  the  width,  B,  of  the  meeting-rail  is  made  i  inch.  In 
wide  windows  these  rails  are  quite  sure  to  spring  and  should  there- 
fore either  be  made  heavier  or  be  made  of  oak.  The  cross-sections 
of  the  stiles  and  top  rails  are  always  made  the  same. 

Two  details  are  shown  for  the  meeting-rail  of  the  lower  sash. 
Both  appear  to  be  commonly  used,  even  in  stock  sashes.     In  the  i}i- 
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inch  sash  the  lower  meeting-rail  is  shown  rebated  for  the  glass  and 
in  the  ij4-inch  sash  it  is  grooved  to  receive  the  glass.  There  is 
more  wood  in  the  former  section  and  hence  it  is  the  stiffer  of  the 
two,  but  of  course  it  offers  greater  obstruction  to  the  vision.  Occa- 
sionally the  joint  between  the  meeting-rails  is  lapped,  as  shown  by 
the  dotted  lines  on  the  section  of  the  i^-inch  sash;  but  this  is  not 
as  desirable  a  joint  as  one  with  a  straight  bevel. 

In  all  kinds  of  sashes  the  rails  are  mortised  and  tenoned  into  the 
stiles,  the  thickness  of  the  tenon  being  usually  the  width  of  the 
fillet  T,  shown  in  the  sections,  Fig.  213.  In  sashes  thicker  than 
those  shown  it  should  be  about  one-third  the  thickness  of  the  sash. 
The  shape  of  the  molding  on  the  inside  of  a  sash  may  be  varied  to 
suit  the  individual  taste,  but  it  should  be  such  that  it  will  permit  of 
"coping"  to  advantage  at  the  joints,  the  forms  of  the  moldings 
shown  being  about  the  best  for  this  purpose. 

The  weakest  parts  of  a  double-hung  sash  are  the  meeting-rails 
and  the  parts  tenoned  to  the  stiles.  The  tenon  is  not  infrequently 
pulled  out  of  the  mortise  in  raising  or  lowering  the  sashes.  To 
avoid  this  the  stiles  are  sometimes  extended  below  and  above  the 
meeting-rails,  as  shown  at  X,  in  the  elevation-drawing,  Fig.  213. 
This  makes  a  strong  joint  and  is  recommended  for  offices,  tene- 
ments, etc  Such  an  extension,  of  course,  prevents  a  sash  from 
being  raised  or  lowered  its  entire  height,  but  in  large  windows  this 
is  of  no  great  consequence. 

Sashes  for  plate  or  leaded  glass  should  never  be  less  than  i}i 
inches  thick  and  2^  inches  gives  better  results.  For  very  large 
windows,  2^-inch  sashes  are  sometimes  used. 

Single  and  double-strength  glass  is  generally  secured  by  zinc 
"glaziers'  points"  and  putty.  Plate  glass  is  generally  secured  by  a 
wooden  strip,  as  shown  in  Fig.  184. 

Wooden  sashes  should  be  made  from  the  best  quality  of  white 
pine,  Douglas  fir,  cypress  or  redwood,  clear,  straight-grained  white 
pine  being  generally  preferred.  Hardwood  sashes  are  sometimes 
used,  but  they  are  more  likely  to  warp  than  pine  sashes.  Where  a 
hardwood  finish  has  been  desired,  veneered  white-pine  sashes  have 
sometimes  been  used.     (See,  also.  Art.  154.) 

151.  STCXrK  WINDOW-SASHES.  Nearly  all  lumber^eal- 
ers  carry  in  stock  certain  sizes  of  sashes  which  are  commonly 
known  as  "stock  sashes";  and  the  two  sashes  for  a  double-hung 
window  form  a  "stock  window."  As  these  stock  sashes  or  stock 
windows  are  made  in  great  quantities,  they  can  be  sold  at  a  rela- 
tively lower  price  than  is  asked  for  sashes  which  are  made  to  order ; 
and  hence  they  are  extensively  used  in  the  construction  of  the 
cheaper  class  of  buildings,  especially  in  smaller  cities  and  towns. 
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other  lights  about  3  or  4  feet  in  height  above  them.  In  such  store- fronts 
framed  sashes  are  not  used,  but  instead,  small  posts  or  sash-bars,  extending 
from  the  sill  to  the  top  of  the  window,  are  set  up  between  the  lights,  and 
other  similar  bars  are  cut  in  between  them  at  the  height  of  the  lower  light, 
thus  making  a  framework  to  hold  the  glass. 

As  the  desire  of  the  ordinary  merchant  is  to  have  as  much  plate  glass 
as  possible,  the  columns  which  support  the  wall  above  are  usually  set  4 
or  more  inches  inside  of  the  wall-line,  and  the  plate  glass  not  more  than 
1%  inches  inside  of  this  line,  and  sometimes  flush  with  it,  in  order  that  the 
window  may  be  placed  in  front  of  the  columns  and  extend  unbroken,  except 
by  the  entrances,  from  comer  to  corner. 

It  is  the  custom  also  to  make  the  bars  separating  the  lights  of  glass  of 
the  least  size  that  will  give  sufficient  strength  to  hold  the  glass  and  prevent 
the  windcrw  from  being  blown  in.  In  the  better  class  of  stores  the  outside 
of  the  sash-bars  is  usually  covered  with  ornamental  metal,  and  very  often 
iron  bars  are  placed  in  the  woodwork  to  give  the  necessary  strength  and  to 
prevent   warping. 

Fig.  214  shows  types  of  saslr-bars  formerly  in  common  use  in  large  win- 
dows, althorugh  they  were  varied  in  size  and  in  the  detail  of  the  moldings. 
Sections  A,  B,  D,  E  and  F  are  drawn  to  one-fourth  full  size. 

Sections  A  and  B  were  quite  common  in  Chicago.  The  strength  of  the 
bar  is  afforded  by  a  cast-iron  T,  of  which  only  the  front  was  exposed.  The 
front  was  generally  copper-plated  and  oxidized  and  often  ornamented  by 
relief-work.  The  T  was  filled  out  to  a  square  by  pieces  of  thoroughly  sea- 
soned wood,  screwed  or  bolted  together  as  shown.  Wooden  stops  were 
then  screwed  to  the  wood  core  to  hold  the  glass,  or  iron  stops  were  used 
if  preferred;  but  hardwood  was  considered  better.  The  usual  size  of  sash- 
bars  of  this  pattern  was  3  inches  in  width  by  2^  inches  in  depth,  exclusive 
of  the  inside  casing  and  stops,  but  they  could  be  reduced  to  2^  inches  in 
width  and  made  3  inches  in  depth.  The  section  at  B  is  for  an  angle  in  the 
window.  When  the  angle  is  a  right  angle  the  cast  web  is  omitted  and  the 
facing  is  screwed  to  a  solid  piece  of  wood. 

Sections  E  and  F  have  been  extensively  used  in  all  large  cities  and  as  a 
rule  have  been  found  cheaper  than  the  cast-iron  bars.  In  these  bars  the 
whole  construction  is  of  wood,  which  should  be  of  the  best  quality  white 
pine  or  cypress,  the  glass  being  held  by  a  half-round  strip  screwed  to  the 
bar.  The  half-round  is  covered  on  the  outside  with  thin  brass  or  copper, 
which  may  be  nickel-plated  or  oxidized,  the  metal  extending  about  %  of  an 
inch  over  the  edge  to  hold  it  in  place.  Such  bars  look  as  if  these  were 
made  of  solid  metal.  They  are  carried  in  stock  in  sizes  of  2,  2^/4  and  3 
inches,  or  can  be  made  to  order.  They  can  also  be  adapted  to  any  angle  in 
the  manner  shown  at  F. 

The  wooden  bar  forming  the  support  is,  of  course,  made  by  the  carpenter 
and  should  be  about  2  by  3%  inches.    It  may  be  plain  or  molded,  as  desired. 

Sometimes  a  wrought-iron  bar,  about  %.of  an  inch  by  3  inches,  was  placed 
in  the  center  of  the  wood-bar,  corresponding  to  the  web  of  the  T,  detail  A, 
Fig.  214,  and  the  metal-covered  bar  was  screwed  into  the  edge  of  the  iron, 
bar,  as  shown  by  the  dotted  lines  at  -5.    This  added  much  to  the  expense  and 
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does  not  appear  to  have  been  necessary  if  the  wooden  bars  were  made  of 
the  size  above  indicated. 

The  cross-bars  were  generally  made  of  the  same  section  as  the  upright 
bars,  although  this  was  not  necessary. 

The  detail  at  D  shows  a  wooden  transom-bar  which  has  been  used  with 
very  good  effect  in  connection  with  the  upright  bar  £. 

Whatever  may  be  the  shape  of  the  bars,  the  upright  bars  should  always 
extend  in  one  length,  from  sill  to  head,  and  the  horizontal  bars  should  be 
cut  in  between  them. 

With  bars  of  the  shape  shown  at  D,  E  and  F,  it  is  of  course  necessary  to 
set   the   glass   from   the   outside.    It  is   generally   considered   best   that   all 


Fig.  21$.     Pl^n  of  Store-Front. 
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Fig.  216.    Plan  of  Store-Front. 


glass  should  be  set  from  the  outside,  although  where  fixed  sashes  are  used 
in  store- fronts  the  glass  is  often,  for  convenience,  set  from  the  inside. 

153.  MODERN  FORMS  AND  METHODS.  Figs.  215  and 
216  show  plans  of  two  types  of  store-fronts.  Fig.  217  shows  a 
typical  modern  store-front  and  various  detail  sections  of  the  same. 
As  will  be  seen  by  the  details,  this  is  an  all-metal  construction  * 
reinforced  with  No.  i6-gauge  steel. 

Fig.  218  illustrates  another  form  of  store-front  construction,!  a 
wood  core  reinforced  with  T  irons  and  angle-irons  being  used  in 
this  case.  As  shown  in  the  cut,  the  metal  covering  and  the  rein- 
forcement-irons are  secured  to  the  wood  core  by  screws.  An 
enlarged  detail,  also,  of  the  drainage-sill  used  with  this  construction 
is  shown.  This  takes  care  of  the  water  of  condensation  or  the 
moisture  occasioned  by  cleaning  the  inside  of  the  window.  The 
moisture  runs  down  into  the  gutter  on  the  inside  and  is  carried  out 

*  Manufactured  by  The  Perfection  Metal  Bar  Company,  Qereland,  O. 
t  Manufactured  by  J.  W.  Coulson  &   Company »   Columlraa,  O. 
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Fig.  317.     "Perfection"  Store-Front  C< 
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through  the  metal  tubes  which  are  placed  at  intervals  as  shown  in 
the  illustration. 

Figs.  219  and  220  show  an  all-cast-iron  type  of  store-front  con- 
struction.*    In   Fig.  219,  section  H  H  shows  the  typical  vertical 


BRICK  WALL 


Fig.   iiE.     DcUilt  of  Coubon  Store-Front  Conilructfoo. 

section,  'A  A  being  the  head  and  }  J,  K  K,  and  L  L,  Fig.  220,  being 
variations  of  the  construction  below  the  sill.  L  L  shows  a  solid  wall 
below  window.     Section  /  /  shows  the  transom  and  the  attachment 

*  Manuficlurtd  bj  Lo*C  Bro*.,  Inc.,  Anton,  IIL 
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Fig.  3ig.     Cait-Iron  Store-Front  Cotutruilion.     Lore  BrMhen,  Inc 
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for  protecting  the  awning  when  rolled  up.  Sections  F  F  and  M  M 
(Fig,  219)  and  B  B  and  G  G  (Fig.  220)  are  various  details  of 
comer  and  division-bars.  Sections  A  A  and  D  D  (Fig,  220)  show 
the  plans  from  the  jambs  at  the  outer  edge  of  the  window  and  at 
the  door. 

Fig.  221  *  illustrates  the  sill,  transom  and  head  of  another  type 
of  all-metal  store-front  construction.     The  heavy  black  members 


are  of  cold-rolled  copper  and  the  finely  cross-hatched  members  are 
of  steel.  As  will  be  seen,  no  screws  or  bolts  show  on  the  outside 
to  interfere  with  cleaning  or  to  mar  the  lines  of  the  moldings. 
The  equal  pressure  of  the  sash-moldings  all  along  the  glass  and 
the  strength  of  the  corner-bars  and  division-bars  with  their  sup- 
porting brackets,  assure  the  safe  holding  of  the  glass  set  in  frames 
of  this  construction. 

Fig,  222  f  shows  a  vertical  section  of  a  metal-covered  wood  store- 
front construction  t  with  the  required  relation  of  the  glass-sizes  to 
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Kawneer  Store-Front  Construction. 


Fig.  aax.    Details  of  Zouri  Store*Front  Con- 
struction* 
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the  length  of  the  metal  sash.     Fig.  223  *  illustrates  in  detail  the 
construction  of  a  store-front  bulkhead   with   the  sash  hinged  at 


Fig.  114.  Fetz  C  a  t- 
ntr-Poat  and  Tr>n- 
aom-Bu-. 

the  bottom  to  swing  in  at  the  top. 
The  sash  is  metal-covered  at  the 
factory  and  can  be  furnished  in 
conjunction  with  the  metal  mold- 
ings covering  the  stationary 
parts  of  the  bulkhead.  Fig.  224 
illustrates  the  section  of  the  cor- 
ner-post and  the  transom-bar  of 
the  Petz  system  of  store-front 
construction.!  As  will  be  seen 
from  the  illustration,  the  con- 
struction is  of  wood,  metal-cov- 
ered and  reinforced  with  steel. 
There  are  many  other  types  and 

Rg.  «3.  K.wn«r  Store-Frfm.  Bplkhe«L  j^t^jij  ^f  stOfC-frOUt  construc- 
tion but  sufficient  data  has  been  given  to  explain  this  branch  of 
carpenters'  work. 

5.    WINDOW-GLASS  AND  GLAZING,  i 

154.  GLAZING.II  I.  General  Methods  of  Closing.  Theglaz- 
ing  of  windows  originally  belonged  to  the  painters'  trade,  and  when 
glass  is  broken,  it  is  still  customary  to  go  to  a  painter  to  have  it 
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replaced ;  but  custom  has  so  changed  in  some  parts  of  the  country, 
that  when  new  windows  are  to  be  glazed,  the  work  is  sometimes 
done  at  the  mill  or  factory  where  the  sashes  are  made,  sometimes  by 
the  local  glass-jobber  in  the  town  where  the  building  is  being  erected, 
and  again,  in  other  localities,  the  glazing  of  new  buildings  is  still 
done  by  the  painter. 

Common  window-glass  is  usually  set  with  putty  and  secured  with 
triangular  pieces  of  zinc  called  "glaziers'  points/'  driven  into  the 
wood  over  the  glass  and  covered  with  putty.  In  the  best  work,  a 
thin  layer  of  putty  is  first  put  in  the  rebate  of  the  sash  and  the  glass 
is  then  placed  on  it  and  pushed  down  to  a  solid  bearing.  This  is 
called  "back-puttying."  The  points  are  then  driven  about  8  or  lo 
inches  apart  and  the  putty  applied  over  the  glass  and  points  so  as 
to  fill  the  rebate.  Outside  windows  should  always  be  glazed  on  the 
outside  of  the  sash.  Common  window-glass  has  a  slight  bend  in 
it,  the  result  of  its  original  cylindrical  shape;  it  should  be  glazed, 
therefore,  with  the  convex  side  out,  as  this  reduces  to  a  minimum 
the  effects  of  the  waviness  when  looking  through  it  either  from  the 
outside  or  inside.  Plate  glass,  in  both  window-sash  and  door-lights, 
should  be  back-puttied  and  secured  by  wooden  beads. 

2.  Leaded  Glass.  It  was  formerly  a  common  practice  for  archi- 
tects to  name  in  the  specifications  a  certain  sum  of  money  to  be 
allowed  by  the  carpenter  for  the  leaded  glass  and  to  be  expended 
under  the  direction  of  the  architect.  Where  clear  glass  was  used, 
the  pattern  was  sometimes  shown  on  the  drawings  and  the  glass 
was  specified  in  the  san.e  manner  as  any  other  work.  When  colored 
glass  was  to  be  used,  it  was  customary  to  make  a  definite  allowance 
and  then  to  entrust  the  work  to  a  good  art-glass  manufacturer. 

But  leaded  glass  should  be  designed,  furnished  and  put  in  place 
by  those  who  are  entirely  familiar  with  its  manufactuer  and  its 
limitations ;  the  purchase  of  the  same  should  be  left  entirely  in  the 
hands  of  the  owner  and  no  specification  as  to  its  price  or  make 
should  be  used  by  the  architect.  The  colored-glass  windows  should 
show  as  much  individual  artistic  taste  as  any  other  picture  or  dec- 
oration used  in  the  building.  The  cheap  and  inartistic  leaded  glass 
is  fast  becoming  a  thing  of  the  past  and  owners  are  confining  them- 
selves to  purely  works  of  art  placed  in  some  appropriate  location  in 
the  building. 

155.  SHEET  GLASS,  i.  General  Description.  Common 
window-glass  is  technically  known  as  "sheet  glass"  or  "cylinder- 
glass.*'  "It  is  made  by  the  workmen  dipping  a  tube  with  an  en- 
larged end  in  the  molten  glass  or  'metal*  until  from  7  to  10  pounds 
are  gathered  up.  Then  it  is  blown  out  slightly  by  the  workman, 
taken  on  a  blowing-tube  and  still  further  blown  and  manipulated, 
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until  a  cylinder  about  15  inches  in  diameter  and  60  inches  long  is 
formed.  This  cylinder  has  the  two  ends  trimmed  off,  is  then  cut 
longitudinally  and  gradually  warmed.  It  is  then  placed  on  a  large 
flat  stone  supported  by  a  carriage,  where  it  is  heated  until  it  softens 
sufficiently  to  open  out  flat;  the  carriage  is  then  pushed  into  the 
annealing-chamber  and  the  sheet  taken  off."  About  the  year  1910, 
sheet  glass  blown  by  machinery  utilizing  compressed  air,  was  per- 
fected, and  the  result  has  been  a  gradual  decrease  in  its  cost.  The 
cylinder  blown  by  compressed  air  is  split  open  and  flattened  out  in 
just  the  same  manner  and  by  the  same  process  as  in  the  mouth- 
blown  cylinder. 

2.  Grades  and  Qualities  of  Sheet  Glass.  Sheet  glass  is  graded 
as  "double-thick"  or  "single-thick,"  and  each  thickness  is  further 
divided  into  three  qualities,  "first,"  "second,"  or  "third,'*  according 
to  its  relative  freedom  from  defects.  The  price  varies  according 
to  the  strength  and  quality.  It  should  be  remembered  that  sheet 
glass  is  always  wavy,  the  result  of  the  flattening  of  the  cylinder. 
Many  suppose  that  by  designating  sheet  glass,  "crystal-sheet  glass," 
or,  "selected-sheet  glass,"  or  "sheet  glass  free  from  waves  and  im- 
perfections," a  sheet  glass  free  from  waves  and  blemishes  can  be 
obtained.  The  terms  and  names  do  not  change  the  nature  of  this 
glass,  which  still  remains  sheet  glass,  characterized  by  the  defects 
inherent  in  the  method  by  which  it  is  manufactured.  To  obtain  a 
thin  glass,  free  from  waviness,  plate  glass,  %  of  an  inch  thick,  some- 
times known  as  "crystal  plate,"  or  plate  glass  9i6  of  an  inch  thick, 
must  be  specified. 

Since  the  improvement  in  the  manufacture  of  window-glass  in 
this  country,  scarcely  any  sheet  glass  is  now  imported  for  glazing 
purposes.  A  small  amount  of  Belgian  sheet  glass  is  brought  to  this 
country  and  used  along  the  Atlantic  seaboard  for  picture-framing. 
The  low  prices  of  the  American  sheet  glass,  and  its  excellent  quality, 
have  practically  forced  imported  sheet  glass  out  of  the  market. 

All  common  sheet  glass,  without  regard  to  quality,  is  graded 
according  to  thickness,  as  "single-thick"  or  "double-thick."  The 
thickness  of  the  double-thick  glass  is  a  scant  %  of  an  inch  while 
that  of  the  single-thick  averages  about  yi2  of  an  inch.  It  is  cus- 
tomary to  use  the  double  thickness  for  sheet  glass  over  24  inches  in 
width.  The  best  quality  of  sheet  glass  is  specified  as  "AA,"  the 
second  as  "A"  and  the  third  as  "B." 

3.  Sizes  of  Sheet  Glass.  The  regular  stock-sizes  vary  by  inches 
from  6  to  16  inches  in  width.  Above  that  they  vary  by  even  inches 
up  to  60  inches  in  width  and  70  inches  in  length  for  double  thick- 
ness, and  up  to  30  by  50  inches  for  single  thickness. 

4.  Cost  of  Sheet  Glass.    The  prices  for  sheet  glass,  as  for  all 
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other  clear  glass,  vary  with  the  size,  strength  and  quality.  Prices 
are  determined  by  a  schedule  or  price-list,  giving  the  price  for  each 
size,  in  both  thicknesses,  and  all  qualities;  and  from  these  prices  a 
very  large  discount  is  allowed.  Fluctuations  in  prices  are  regulated 
by  the  discount,  the  list  usually  remaining  unchanged  for  a  number 
of  years.  The  present  price-list  (1913)  has  been  in  use  since  Oc- 
tober I,  1903.  The  only  way  to  ascertain  the  price  of  a  light  of 
glass  of  a  given  size  is  to  find  it  from  this  price-list,  from  which  the 
discount,  quoted  by  the  glass-dealer,  must  be  deducted. 

The  price  per  square  foot  increases  rapidly  as  the  size  of  the 
pane  increases,  so  that  it  is  much  cheaper  to  divide  a  large  window 
into  eight  or  twelve  lights  than  into  two  lights.  Compared  with 
the  cost  of  the  building,  however,  the  glass  is  a  small  item  and  in 
the  better  classes  of  buildings  each  sash  is  usually  glazed  with  a 
single  light  of  glass.  In  factories,  workshops,  etc.,  where  there  is 
usually  a  large  amount  of  glass-surface,  the  size  of  the  lights  is  not 
of  so  much  importance,  while  the  saving  by  using  small  lights  'is 
quite  an  item;  hence  twelve-light  and  even  sixteen-light  windows 
are  generally  used  in  such  buildings. 

The  following  table  shows  quite  clearly  the  relative  cost  per 
square  foot  of  different-sized  panes  of  American  glass,  the  prices 
given  being  about  an  average  for  the  whole  country  at  the  present 
time  (1913). 

TABLE  IV. 

Comparative  Cost  of  American  Sheet  Glass  per  Square  Foot, 

Based  Upon  a  Discount  of  90  and  20  Per  Cent 

on  the  List  of  October  i,  1903. 


Grades. 

Size  of  lights  in  inches. 

10x12 

15x20 

24x34 

30x36 

36x40 

40x60 

60x70 

Prices  in  cents  per  square  foot. 

Double  strength: 

First    quality    

Second  quality 

Single  strength: 

First    quality     

Second  quality 

7. 
G. 

6. 
4.3 

8.3 
7.3 

4.8 
4.6 

0.4 
8.3 

6.4 
5.6 

10. 
9. 

6.8 
6. 

10.8 
10. 

14. 

14.4 

20.2 
27. 

5.  Crystal-Sheet  Glass,  26-ounce,  This  glass  is  made  by  the 
cylinder-process,  but  is  a  little  thicker  than  the  ordinary  double- 
strength  glass.  It  is  probably  the  best  glass  made,  next  to  plate 
glass,  but  owing  to  the  method  of  its  manufacture  is  necessarily 
characterized  by  a  wavy  appearance.     If  good  glass  is  required  for 
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first-class  residences,  hotels,  office-buildings,  etc.,  polished  'plate 
glass  should  be  used.  The  latter  invariably  gives  satisfaction,  while 
sheet  glass,  no  matter  of  what  thickness,  is  usually  disappointing  in 
its  appearance. 

6.  Defects  of  Sheet  Glass.  All  sheet  glass,  when  looked  upon 
from  the  outside,  has  a  wavy,  watery  appearance,  like  the  surface 
of  a  lake  slightly  agitated  by  the  wind ;  and  when  the  sunshine  falls 
upon  it  the  irregularity  of  the  surface  is  greatly  emphasized.  This 
characteristic  of  sheet  glass  is  due  to  its  being  made  in  the  shape 
of  a  cylinder  and  then  stretched  or  flattened  out  into  a  sheet,  and 
it  cannot  be  wholly  avoided.  Besides  this  universal  defect,  the 
cheaper  grades  are  often  "stringy,"  "blistery,"  "sulphured," 
"smoked,"  or  "stained";  so  that,  in  looking  through  the  glass,  ob- 
jects seen  at  a  distance  are  deformed  and  distorted. 

156.  PLATE  GLASS,  i.  General  Description.  Plate  glass 
is  commonly  known  as  "polished  plate  glass"  because  its  surface  is 
finely  polished  and  thus  made  clear  and  transparent.  It  is  more 
largely  used  every  year  for  windows  of  fine  residences,  hotels  and 
office-buildings,  where  transparency  is  desired  from  the  inside  and 
an  elegant  appearance  required  on  the  outside. 

The  process  of  manufacture  of  plate  glass  is  entirely  diflferent 
from  that  of  sheet  glass.  In  making  plate  glass  the  metal,  which  is 
prepared  with  great  care,  is  melted  in  large  pots  and  then  cast  on 
a  perfectly  flat  cast-iron  table.  "The  width  and  thickness  of  the 
plate  is  determined  by  means  of  metal  strips  called  'guns,'  which 
are  fastened  on,  and  on  which  a  heavy,  metal  roller  travels.  The 
ends  of  the  guns  are  tapered  so  that  when  the  roller  is  at  one  ex- 
tremity, it  and  the  guns  form  three  sides  of  a  shallow,  rectangular 
dish.  The  molten  metal  is  poured  on  and  the  roller  passed  along 
slowly,  forcing  the  metal  in  front  of  it  and  rolling  out  the  sheet." 
The  sheet  is  then  annealed  and  forms  what  is  known  as  "rough 
plate,"  which  is  used  for  vault-lights,  skylights,  floor-lights  and  the 
like. 

"For  polished  plate  the  rough  plate  is  carefully  examined  for 
flaws,  which  are  cut  out,  leaving  the  largest-sized  sheet  practicable. 
The  plate  is  then  fastened  to  a  revolving  table  by  means  of  plaster 
of  Paris,  and  two  heavy  shoes,  shod  with  cast  iron,  are  mounted 
over  it.  The  table  is  then  revolved  and  sand  and  water  fed  onto 
the  surface ;  and  the  shoes  revolve  also,  going  over  all  parts  of  the 
plate  and  grinding  it  down  to  a  true  plane.  Emery  powder  is  then 
fed  on,  in  successive  degrees  of  fineness  until  the  plate  is  made 
absolutely  smooth  and  all  grit  removed.  After  this,  new  rubbers, 
shod  with  very  fine  felt,  are  put  on  and  liquid  rouge  is  added  for 
the  polishing.    When  one  side  is  completed  the  other  side  is  simi- 
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larly  treated,  the  plate  losing  about  40  per  cent  in  weight  by  the 
operation." 

2.  Qualities  of  Polished  Plate  Glass,  For  glazing-purposes 
there  is  but  one  quality  of  plate  glass  on  the  market.  The  best  of 
this  is  selected  for  manufacturing  mirrors.  At  one  time,  plate  glass 
was  extensively  imported,  but  the  gradually  improving  methods  of 
the  American  manufacturers,  as  well  as  the  great  cheapening  of  the 
process  have  practically  eliminated  imported  plate  glass  from  the 
market.  The  American  plate  glass  is  equal  in  every  respect  to  that 
which  was  imported. 

The  usual  thickness  of  polished  plate  glass  is  from  H  to  We  of 
an  inch,  but  it  can  be  made  thinner  than  this ;  and  when  required  for 
residence-windows  or  car-windows,  may  be  obtained  in  9i6  or  %- 
inch  thicknesses.  It  is  manufactured  from  the  same  thickness  of 
rough  plate  used  for  the  ordinary  thicknesses,  but  is  ground  down 
thinner  and,  owing  to  the  additional  cost  of  grinding,  as  well  as  to 
the  risk,  is  more  expensive  than  glass  of  the  ordinary  thicknesses. 

3.  Cost  of  Polished  Plate  Glass.  The  cost  of  plate  glass  of 
ordinary  thickness  varies  with  the  size  of  the  lights.  At  the  present 
time  (1913)  the  net  price  of  polished  plate  glass,  glazing-quality, 
is  about  forty-five  cents  ($0.45)  per  square  foot,  for  sizes  of  not 
more  than  10  square  feet  per  plate,  fifty  cents  ($0.50)  per  square 
foot  for  sizes  containing  from  10  to  50  square  feet  per  plate,  and 
sixty-five  cents  ($0.65)  per  square  foot  for  sizes  containing  not 
more  than  120  square  feet  per  plate.  For  larger  sizes  the  price 
increases  rapidly  up  to  two  dollars  ($2.00)  per  square  foot.  The 
price,  however,  can  be  accurately  determined  only  by  means  of  a 
price-list  and  discount.  The  price-list  now  in  use  (1913)  was  in- 
troduced in  March,  1910,  and  the  discount  is  about  90  per  cent. 
Plate  glass  %6  of  an  inch  thick  costs  15  per  cent  more  than  glass 
of  the  regular  thickness  on  account  of  the  extra  expense  of  grind- 
ing it  down.  Plate  glass  ^6  of  an  inch  thick  costs  from  25  to  40 
per  cent  more  than  glass  of  the  regular  thickness. 

4.  Sizes  of  Polished  Plate  Glass,  Plate  glass  is  cut  into  stock 
sizes,  varying  by  even  numbers  from  6  by  6  inches  up  to  144  by 
240  inches,  or  138  by  260  inches. 

157.  COMPARATIVE  COST  OF  DIFFERENT  KINDS  OF 
WINDOW-GLASS.  The  following  table  gives  as  accurate  an  idea 
of  the  comparative  cost  of  the  different  kinds  and  qualities  of  glass 
used  in  this  country  for  glazing  as  it  is  possible  to  give,  the  prices 
for  the  sizes  being  the  present  (1913)  net,  average  prices.  The 
first  column  of  the  table  gives  the  kinds  of  glass,  and  includes  both 
the  American  plate  and  the  American  sheet  glass.  The  other  col- 
umns of  the  table  give  the  sizes  of  the  different  lights  in  inches. 
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TABLE  V. 
Comparative  Cost  of  Different  Kinds  of  Window-glass. 


Kinds  of  glass. 


American  Plate  Glass 

Glazing-quality     

Crystal-sheet  glass,  a6>oz 

American  Sheet  Glass 
Double-strength,  first  quality   . . 

**  • "  second  quality 

Single-strength,    first  quality   . . 

"  "  second  quality 


Sizes  of  lights  in  inches. 


B4x8S 


$2.85 
1.00 


.54 
.47 
.87 
.88 


80x86 


18.88 
1.54 


.88 

.78 
.56 
.60 


86x40 


$4.60 
2.84 


1.25 
1.18 


48x60 


$0.80 
6.66 


8.56 
8.80 


It  will  be  seen  from  this  table  that  the  relative  difference  in  the 
cost  of  plate  and  sheet  glass  decreases  rapidly  as  the  sizes  of  the 
lights  increase.  The  prices  in  this  table  are  based  on  the  list  of 
October  i,  1903,  on  a  discount  of  90  per  cent  for  plate  glass,  90 
and  20  per  cent  for  American  sheet  glass  and  85  per  cent,  on  "AA" 
double-thick,  for  26-ounce  crystal-sheet  glass. 

158.  FIGURED  ROLLED  GLASS.  This  is  a  translucent  or 
"obscured"  glass  with  a  pattern  stamped  on  one  surface.  As  the 
molten  metal  is  rolled  out  on  the  table,  the  design,  cut  into  the 
table,  imprints  itself  into  the  soft  glass.  This  kind  of  glass  has  al- 
most entirely  supplanted  the  ordinary  ground  glass  because  of  its 
greater  cleanliness.  There  are  several  popular  designs  on  the  mar- 
ket, made  by  various  manufacturers.  Some  of  the  designs  in  com- 
mon use  are  known  as  "Moss,"  "Maze,"  "Colonial,"  "Florentine," 
"Cobweb,"  etc.  This  glass  is  usually  made  %  of  an  inch  thick  and 
in  large  sheets  from  24  to  42  inches  wide  and  from  8  to  10  feet 
long.  "Maze,"  "Florentine"  and  "Cobweb"  designs  can  be  had 
either  with  or  without  the  wire  mesh  in  them.  One  important 
property  of  figured  rolled  glass  is  that  of  diffusing  the  light  which 
passes  through  it. 

159.  PRISM  GLASS.  This  glass  is  made  with  sharp  prisms. 
These  prisms  are  glazed  horizontally  in  the  window  and  by  refract- 
ing the  light  throw  it  back  horizontally  into  the  rooms,  adding  very 
materially  to  the  interior  lighting.  It  is  manufactured  by  several 
companies  and  can  be  procured  from  glass-jobbers  in  practically  all 
the  cities  of  the  United  States. 

Glass  prisms  for  lighting  are  made  of  pieces  of  glass  of  standard  dimen- 
sions, about  4  inches  square,  with  a  smooth  outer  surface  and  an  inner 
surface  divided  into  a  series  of  prisms.    They  are,  in  many  cases,  formed 


236  BUILDING-CONSTRUCTION.  (Ch.  Ill) 

into  plates  by  the  process  of  electroglazing,  the  edges  of  the  prism-lenses 
being  welded  together,  so  to  speak,  by  a  narrow  line  of  copper  which  gives 
the  desired  stiffness  and  strength  for  use  in  large  frames,  and  also  an 
attractive  appearance  considered  by  some  to  be  superior  to  ordinary  leaded 
work.  These  prism-plates  can  be  made  in  any  desired  size,  but  for  very 
large  surfaces  two  or  more  plates,  divided  by  means  of  metal  sash-bars, 
are  generally  used. 

The  commercial  value  of  these  prisms  depends  on  that  property  of  glass 
which  causes  what  is  known  as  "refraction."  Prism-plates  receive  the  light 
from  the  sky,  not  necessarily  from  the  sun,  and  refract  or  turn  it  back  into 
the  room  which  is  to  be  lighted.  With  an  ordinary  window  the  light  from  the 
sky,  passing  through  the  glass,  strikes  the  floor  at  a  point  not  very  far  dis- 
tant from  the  window.  As  the  color  of  the  floor  is  usually  dark,  reflecting 
perhaps  only  one-tenth  part  of  the  light  falling  on  it,  the  rear  parts  of  the 
room  receive  only  a  small  portion  of  the  light  which  enters  the  window. 
For  this  reason  it  has  been  necessary  to  make  very  high  stories  for  deep 
rooms,  in  order  to  light,  even  moderately,  those  parts  which  are  at  a  dis- 
tance from  the  window.  When  prisms  are  substituted  for  the  common  win- 
dow-glass or  plate  glass,  the  rays  of  light  as  they  enter  the  glass  are 
refracted,  and  by  employing  prisms  of  the  proper  angle,  the  rays  may  be 
given  almost  any  direction.  Moreover,  by  utilizing  different  prisms  in  the 
same  plate,  some  of  the  rays  may  be  directed  to  the  rear  of  the  room  while 
others  are  thrown  so  as  to  strike  near  the  front.  The  prism-plates  do  not 
increase  the  quantity  of  light  entering  the  window,  but  simply  redistribute 
it,  directing  it  into  those  portions  of  the  room  in  which  it  is  most  needed. 
By  thus  changing  the  direction  of  light-rays  a  room  with  a  low  ceiling  can 
be  better-lighted,  than  when  sheet  or  plate  glass  is  used. 

To  insure  success  in  the  lighting  of  interiors  by  means  of  prisms  requires^ 
however,  a  superior  quality  of  glass,  and  careful  scientific  calculations  and  ex- 
periments, besides  practical  and  attractive  means  of  glazing  and  methods  of 
installation.  These  requirements  have  been  met  by  the  several  companies 
making  these  prisms  and  their  products  may  be  considered  among  the 
relatively  new  building  materials.  They  have  been  very  successfully  applied 
to  the  lighting  of  dark  rooms  by  daylight. 

The  application  of  prisms  to  any  particular  building  depends  upon  the  sur- 
rounding conditions  and.  requirements,  each  case  requiring  some  special 
treatment;  but  in  a  general  way  the  various  appliances  used  in  the  installa- 
tions may  be  divided  into  four  classes  as  follows: 

1.  Vertical  plates,  which  are  set  directly  in  the  sashes  in  place  of  the 
ordinary  window-glass.  They  are  commonly  used  for  the  transom-lights 
of  store-windows  and  the  upper  sashes  of  double-hung  windows.  They  may 
also  fill  the  entire  window. 

2.  ForUuxes,  which  are  vertical  prism-plates  set  in  independent  frames 
and  placed  in  window-openings  substantially  flush  with  the  face  of  the  wall. 

3.  Canopies,  which  are  external  prism-plates  in  independent  frames,  placed 
over  window-openings  and  set  at  an  angle  with  the  vertical,  a  position 
similar  to  that  of  an  ordinary  awning. 

4.  Pavement  prisms,  which  are  set  in  iron  frames  in  the  pavements  or 
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sidewalks,  in  place  of  the  ordinary  buH's-eye  lights.  In  connection  with  the 
pavement-prisms,  when  a  well-lighted  basement  is  desired,  vertical  plates 
of  prisms,  hung  below  and  opposite  the  pavement-lights,  are  often  used. 
These  hanging,  vertical  plates  receive  the  light  from  the  pavement-prisms, 
and  again  changing  its  direction,  project  it  horizontally  into  the  basement. 
This  feature  is  illustrated  in  Fig.  225,  reproduced  through  the  courtesy  of 
the  Luxfer  Prism  Company. 

The  canopies  may  be  made  either  stationary  or  adjustable  and  may  be 
employed  in  a  variety  of  ways,  combining  the  useful  with  the  ornamental. 
The  hanging,  vertical  plates  lend  themselves  to  a  highly  decorative  treat- 
ment. In  both  the  fixed  and  hanging  vertical  plates  the  prisms  may  be 
arranged  to  produce  ornamental  effects;  and  designs  may  be  inwrought 
on  the  face  of  the  prism-plates  to  correspond!  with  the  designs  worked  into 
the  surfaces  of  the  building  and  with  the  style  of  the  entire  faqade.    The 
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Fig.  225.     Refraction  and  Transmission  of  Light  by  Prisms. 

prism-plates  weigh  no  more,  and  often  less,  than  plate  glass  of  the  same 
size,  while  they  are  much  stronger  in  resisting  wind-pressure,  the  action 
of  hail  and  the  impact  of  flying  fragments.  Although  transmitting  a  very 
large  amount  of  light,  these  prism-plates  are  not  transparent  in  the  ordinary 
sense;  and  may  thus  be  used  as  screens  to  hide  unattractive  views  or  to 
prevent  persons  "looking  either  in  or  out  of  a  window.  At  the  same  time 
a  maximum  quantity  of  light  is  admitted.  The  prism-plates,  owing  to  the 
stiff,  durable  manner  in  which  they  are  united  by  the  electroglazing  process, 
serve,  also,  as  a  fire-retardent  or  as  a  partial  substitute  for  the  ordinary  iron 
fire-shutters.  The  copper  glazing  forms,  as  it  were,  a  continuous  rivet, 
which  holds  the  individual  prism-lights  together,  even  after  they  have  become 
badly  cracked  by  the  action  of  fire  and  water. 

The  details  of  the  various  makes  of  prisms  are  too  complicated  to  be 
set  forth  in  a  few  pages,  but  they  are  well  described  in  the  various  hand- 
books and  catalogues  published  by  the  different  manufacturers.  From  a  com- 
mercial point  of  view  the  special  advantages  of  these  systems  of  interior 
lighting  are  manifold.    They  transform  rooms,  particularly  basements,  other- 
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wise  too  dark  for  occupancy,  into  income-producing  spaces;  in  many  build- 
ings they  da  away  with  the  use  of  light-shafts,  thus  saving  a  large  amount 
of  valuable  floor-space;  and  in  all  large  or  deep  rooms  they  effect  a  great 
saving  in  artificial  lighting.  Once  installed,  there  is  no  cost  far  maintenance. 
The  extent  to  which  these  prisms  have  been  used  by  architects,  in  both 
new  and  old  buildings,  shows  that  they  have  had  a  decided  influence  upon 
commercial  architecture.  ^ 

i6o.  GLASS  FOR  SKYLIGHTS,  i.  General  Description. 
The  glass  ordinarily  used  now  for  skylights  is  either  rough  or  ribbed 
skylight-glass,  and  since  the  great  cheapening  in  the  process  of 
manufacturing  glass  with  wire  mesh  in  it,  wire-glass  is  also  being 
largely  used  for  this  purpose.     (See,  also,  Art.  199.) 

The  sizes  used  depend  largely  upon  the  pitch  of  the  skylight,  small 
sizes  being  more  desirable  when  the  pitch  is  slight.  The  weight  of 
rough  or  ribbed  glass,  with  or  without  wire  mesh  is  approximately 
as  follows: 

TABLE  VL 

Weight  of  Rough  or  Ribbed  Glass. 


Thickness  in  inches 

Weight  in  pounds   

V. 

2 

Vi. 

2V« 

V4 

8V. 

V. 

5 

7 

V. 

8V« 

•A 
10 

1 

12Va 

2.     Cost  of  Skylight-Glass.     The  different  kinds  of  skylight-glass 
in  small  quantities  are  quoted  (1913)  about  as  follows: 


TABLE  VIL 
Cost  of  Skylight-glass. 


Kinds  of   glass. 

Cost. 

RniiirTi    or   Hhhfd    ■Irvliirht-fl'liMii     ^/a-inrh ......i 

0  cents  per  square  foot. 

0         **          u             *t           u 
Jg        «*         «•           tt          (1 

20      "        "          "         «• 

Rniiirh    or   ribbed   sIcvliifht-fflaiB.   'Aa-inch ...>. 

Pnttorti    nv    riKk^/1    ■1rvlitrht>arlasii.    ^ A«inrh 

Rnucrh   or  ribbed   wire   fflass.    !^-inch 

"Msxc."  "Cobweb."  or  "Florentine"  wire-srUss  

Rh#*#t  nrififn-irlAfiii    • ••■■-•■■••>>■ 

161.  WIRE-GLASS.  Wire-glass  is  so  called  because  midway 
between  the  two  surfaces  mesh  wire  is  imbedded.  In  the  event  of 
the  glass  cracking,  the  wire  prevents  the  pieces  from  falling  out  and 
is  therefore  of  great  importance  in  the  manufacture  of  skylight- 
glass.  Wire  netting  hung  underneath  the  ordinary  plain-glass  sky- 
light, especially  in  train-sheds,  is  apt  to  rust  out  from  the  fumes 
and  gases;  whereas  wire-glass  with  wire  mesh  imbedded  in  it,  is 
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not  so  affected.  Furthermore,  wire-glass  has  become  practically 
a  necessity  as  a  fire-retardant  in  congested  building  districts.  When 
glazed  in  metal  sash  and  set  in  metal  frames,  it  offers  complete  fire- 
protection  where  there  are  moderate  exposures.  The  heat  may 
crack  the  glass  into  thousands  of  pieces,  but  it  stands  intact,  pre- 
venting the  ingress  or  egress  of  the  flames.  The  use  of  wire-glass 
in  metal  sash  and  metal  frames  usually  compels  lower  insurance- 
rates. 

Wire-glass  can  also  be  supplied  with  the  surfaces  polished,  so 
that  it  can  be  glazed  in  windows  without  obstructing  the  view. 
Owing  to  the  increased  demand  for  fire-proof  materials  in  buildings, 
the  use  of  all  kinds  of  wire-glass  has  greatly  increased  since  the 
year  1908. 

162.  GLASS  FOR  MIRRORS.  Mirrors  are  made  by  silver- 
ing one  side  of  a  sheet  of  polished  plate  glass.  This  is  the  only 
kind  of  glass  suitable  for  making  mirrors,  because,  unless  the  sur- 
face of  glass  is  polished,  the  reflection  is  distorted.  A  generation 
ago,  mirrors  were  made  by  the  old-style  process  of  pressing  the 
glass  by  means  of  heavy  weights  onto  mercury,  backed  by  tinfoil, 
the  affinity  of  mercury,  for  tin  forming  an  amalgam  which  protected 
the  back  of  the  mirrors  and  gave  the  reflection.  This  was  a  very 
slow  and  expensive,  process.  During  the  last  twenty-five  years, 
prior  to  1913,  practically  all  of  the  mirrors  made  have  been  manu- 
factured by  what  is  known  as  the  "patent-back"  process,  in  which 
nitrate  of  silver  is  precipitated  in  a  film  over  the  surface  of  the 
glass,  thus  giving  it  the  property  of  reflecting.  This  film  is  after- 
ward covered  and  protected  by  shellac,  varnish  and  paint.  The 
improvement  in  this  method  of  manufacture  has  made  it  possible  to 
supply  a  good  mirror  in  considerably  less  time,  and  at  a  very  much 
lower  cost,  than  when  manufactured  by  the  old-fashioned  "mercury- 
back"  process. 

6.    OUTSIDE-DOOR  FRAMES. 

163.  GENERAL  CONSTRUCTION  OF  OUTSIDE-DOOR 
FRAMES.  The  frames  for  all  outside  doors,  whether  in  wooden 
or  brick  walls,  should  be  made  of  plank  not  less  than  Ij4  inches 
thick  and  rebated  on  the  inner  edge  for  the  door.  In  wooden  walls 
the  outside  of  the  fi^ames  are  finished  with  casings  corresponding 
to  those  on  the  windows.  In  brick  or  stone  walls  a  staff-bead  or 
brick-mold  is  generally  nailed  to  the  outer  edge  of  the  frame,  but 
sometimes  the  frame  itself  is  molded  and  the  staff-bead  dispensed 
with. 

Where  the  doors  open  in,  the  inner  edge  of  the  frame  should  be 
set  flush  with  the  plaster.    In  dwellings  provision  should  always 
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be  made  for  hanging  a  screen-door  on  the  outside  of  the  frame. 

Fig.  226  shows  the  usual  construction  of  the  outside-door  frames 
in  wooden  buildings.  If  the  screen  door  is  to  be  hung  on  the  out- 
side casing  the  latter  should  be  13^  inches  thick.  Sometimes  the 
outer  edge  of  the  frame  is  rebated  for  the  screen-door,  as  shown 
by  the  dotted  lines.  When  the  frame  has  a  transom-bar  this  method 
of  hanging  the  door  is  the  better  one  of  the  two,  and  in  all  cases  it 
has  a  neater  appearance. 

The  shape  of  the  sill  shown  in  Fig.  226  is  undoubtedly  the  best, 
but  very  often  a  plain  plank  is  used  and  a  narrow  threshold  placed 
under  the  door.     Such  a  threshold  is  shown  in  Fig.  227. 

Fig.  227  shows  the  usual  method  of  making  the  outside-door 
frames  for  common  brick  buildings  in  the  West.  The  jambs  and 
head  are  usually  made  of  6-inch  plank,  with  a  l>|-inch  brJck-mold, 
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B,  to  which  the  screen-door  is  hung.  If  the  brick-mold  or  staff- 
bead  is  of  different  shape  the  screen-door  should  set  in  a  rebate  in 
the  outer  edge  of  the  frame.  The  dotted  lines  back  of  the  jamb 
indicate  short  pieces  of  2  by  4-inch  studs  nailed  to  the  frame  to  hold 
it  in  place. 

In  dwellings  a  plain,  stone  sill  with  a  wooden  threshold  is  gen- 
erally used. 

Fig.  228  shows  a  molded  jamb  quite  common  in  certain  parts 
of  the  country.  It  is  the  opinion  of  the  author,  however,  that  a 
separate  staff-bead  is  better,  as  well  as  a  little  less  expensive.  There 
is  no  particular  advantage  in  making  the  frame  more  than  5^  inches 
wide  (not  including  the  molding)  other  than  that  a  wide  frame  is 
generally  held  more  securely  in  the  wall.  In  public  buildings,  and 
sometimes  in  residences,  the  stone  sill  is  cut  to  the  shape  shown  in 
Fig.  228,  and  no  wooden  threshold  is  used.  This  is  a  much  better 
arrangement  than  that  shown  in  Fig.  227,  as  the  wooden  threshold 
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often  curls  up,  allowing  the  water  to 
be  driven  under  it;  and  of  course 
the  wood  is  not  as  durable  as  the 
stone. 

Stone  sills  of  the  shape  shown  in 
Fig.  228  and  in  section  d,  Fig.  229, 
are  frequently  termed  ^'thresholds." 
The  top  of  the  threshold,  whether 
of  wood  or  stone,  should  be  from  ^ 
to  J4  of  an  inch  above  the  finished 
floor  to  allow  the  door  to  clear  a 
carpet  or  rug  on  the  inside.  Fig. 
230  shows  other  variations  of  dut- 
side-door  frames  for  frame  build- 
ings, a,  b,  c  and  d  being  different 
types  of  door-sills,  all  of  which 
should  be  of  hardwood.  Detail  e 
shows  the  door- jamb  in  a  frame 
wall  for  sill-section,  a.  Fig.  229 
shows  various  details  of  outside- 
door  frames  in  masonry  walls. 
Sections  a,  b  and  c  are  much  alike, 
the  principal  differences  being  in 
the  contours  of  the  moldings  and 
in  the  thicknesses  of  the  frames. 
-Section  d  shows  a  stone  sill  quite 
commonly  used.  The  sill  should 
extend  from  the  face  of  the  wall 
on  the  outside  through  its  full  thick- 
ness to  the  finish  on  the  inside. 
Section  ^  is  a  good  though  uncom- 
mon construction  and  is  used  for 
exposed  positions. 

In  brick  or  stone  dwellings  hav- 
ing outer  walls  12  inches  or  more 
in  thickness,  it  is  quite  common  to 
make  the  door-frame  with  paneled 
jambs  and  head,  as  shown  in  Fig. 
231.  In  stone  buildings  the  wide 
frame  saves  something  in  the  width 
of  the  stone  reveal  and  in  both 
stone  and  brick  buildings  permits 

the  use  of  a  thinner  lintel  over  the  opening.     The  stiles  of  the  panels 

should  be  made  i^  inches  thick  as  in  solid  frames. 
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Fig.  229.  Outside-Door  Frames  and 
Stone  Sill  in  Masonry  Walls,  a,  b, 
Cj  Door  Jambs,  d.  Stone  Sill,  e. 
Frame   for   Exposed   Situations. 
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In  public  buildings,  especially  where  the  reveals  are  of  stone,  the 
door-frames  are  often  made  only  ^y^  inches  wide  and  are  set  nearly 
flush  with  the  stonework,  as  shown  in  Fig.  232.  By  this  method 
the  wall-opening  is  made  prac- 
tically the  same  width  as  the 
doors,  and  the  apparent  depth  of 
the  reveal,  or  thickness  of  the 
wall,  is  greatly  increased.  In 
such  buildings  screen-doors  are 
not  generally  used.  If  the  doors 
are  to  swing  out,  as  required  by 
■  many  city  building  ordinances  and 
as  should  be  required  in  all  public 
buildings,  the  door-frames  should 
be  set  nearly  flush  with  the  out- 
side face  of  the  walls,  as  shown  in 
Fig-  233.  A  door  thus  set  may  be 
swung  back  against  the  face  of  the 
wall,  unless  there  is  a  very  deep 
reveal,  in  which  case  a  narrow 
jamb,  rebated  on  the  outside,  may 
be  set  on  the  inside  of  the  wall, 
allowing  the  door  to  swing  against 
the  reveal.  Fig.  232  shows  the 
door  set  to  swing  in. 

If  the  frame  is  set  as  in  Fig. 
~~0  '  233  it  may  be  finished  on  the  in- 

„    .,  „        „  ,     side  either  by  a  plain  board  or 

Fi(.    130.    Outiidi-Door    Frame*    and  ,  .  ■       i  , 

Siiii  in  Frame  Wall.,  a,  ft,  c.  4.  panel,  or  the  jamb  may  be 
^ood  Si]  I.  I,  Door-Frame  in  Frame  p]astered  out  to  the  frame,  as  is 
often  done  in  churches.  If  the 
jamb  is  plastered,  a  J^-inch  strip  of  pine  should  be  nailed  to  the 
back  of  the  frame  to  form  a  ground  for  the  plastering  and  to  re- 
ceive a  small  molding  placed  in  the  angle  formed  by  the  franie  and 
plaster.  The  dotted  lines  in  Fig.  233  show  the  manner  of  finishing 
the  jamb  with  plaster. 

Transom-bars  over  doors  are  generally  made  of  solid  plank, 
housed  into  the  jambs  about  J^  an  inch  and  rebated  for  the  door  on 
the  under  side,  the  upper  side  being  made  as  for  a  window-sill. 
The  outer  edge  of  the  transom-bar  in  dwellings  should  project 
to  catch  the  screen-door,  but  should  not  cut  into  the  staff-bead. 

The  material  for  outside-door  frames  should  be  clear,  well-sea- 
soned white  pine,  redwood,  cypress,  larch,  Western  cedar,  or  Douglas 
fir.     If  a  hardwood  finish  is  desired,  J^-inch  veneers  over  a  pine 
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or  other  suitable  wood  core  should  be  used.  Outside  veneered 
frames,  however,  do  not  stand  well  unless  there  is  a  deep  reveal 
or  the  doorway  is  protected  by  a  porch. 


ig.    jji.        Outsidc-Door     < 


ng.   , 


164.    SECURING  DOOR-FRAMES  TO  MASONRY  WALLS. 
It  is  important  to  have  the  door-frames  in  brick  or  stone  walls  well 
secured  to  the  masonry,  otherwise  the  swinging  and  slamming  of 
the  doors  in  such  frames  will  soon  loosen  them  from  the  walls. 
The  common  method  of  securing  a  frame  is  to  spike  it  to  wooden 
blocks,  each  cut  to  the  size  of  a  brick 
and  built  into  the  wall.     This  does  very 
well  when  the  work  is  new,  but  after  the 
wooden  blocks  have  seasoned  and  shrunk 
the  frame  often  works  loose. 

A  better  method  is  to  spike  blocks  of 
wood  to  the  back  of  the  frame,  if  the 
latter  is  built  in  place.  This  is  shown  by 
the  dotted  lines  in  Figs.  227,  228  and  231. 
Even  these  blocks  will  not  hold  the  frame 
firmly  unless  the  brickwork  or  stonework 
is  solidly  built  around  them.  The  author 
strongly  favors  the  use  of  iron  anchors 
to  secure  the  frames,  especially  when  the 
doors  are  large  and  heavy.  Two  iron 
anchors  shaped  as  shown  in  Fig.  234  and 
screwed  to  the  back  of  each  jamb,  will 
hold  a  frame  securely  and  not  be  alTected 
by  shrinkage.  If  there  is  no  wooden  threshold  the  bottom  of  the 
jambs  should  always  be  secured  to  the  stone  sill  by  means  of  iron 


Wall. 
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dowels,  either  fastened  as  shown  in  Fig,  234  or  let  into  the  bottom 
of  the  jambs.  Even  where  there  is  a  wood  threshold  it  is  consid- 
ered good  practice  to  use  these  dowels. 

7.    CELLAR-STAIR  BULKHEADS. 

165.  DESCRIPTION  AND  DETAILS  OF  CELLAR-STAIR 
BULKHEAD-CONSTRUCTION.  An  outside  entrance  to  the 
cellar  is  almost  a  necessity  in  buildings  that  have  a  heating-apparatus 
in  the  basement.  This  entrance  is  sometimes  provided  by  means 
of  a  door  opening  at  the  ground-level  onto  a  landing  of  the  cellar 
stairs;  but  more  often  it  is  provided  by  means  of  an  outside  stair- 
way below  the  surface  of  the  ground.  In  the  Northern  States 
this  stairway  should  be  covered  to  keep  out  the  snow  and  also 


Fig.  1J5.     OuUide  Celluway  or  Bulkbcad. 

to  make  the  cellar  warmer  in  winter.  As  a  rule,  the  stairway, 
sometimes  called  a  "rollway,"  or  "hatchway,"  is  placed  at  the  rear 
of  the  building,  so  as  not  to  be  conspicuous;  and  if  there  is  no 
window  directly  above,  in  the  first  story,  it  is  a  good  plan  to  build 
a  shed  or  porch  over  this  stairway,  with  a  door  at  the  head.  When 
this  is  not  practicable  the  stairs  must  be  covered  with  "trap-doors." 
This  is  generally  accomplished  in  the  manner  shown  in  Fig.  235, 
A  rough  plank  frame.  A,  B,  C,  D,  is  bolted  to  the  side  walls  with 
^-inch  bolts,  about  18  or  20  inches  in  length,  and  built  into  the 
walls  as  they  are  laid,  the  nut  on  the  head  of  each  bolt  being  sunk 
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Fig.  136.     Bulkhead  over  Outside  CelUr-Suirt. 
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flush  with  the  frame.  The  lower  piece  of  the  frame,  B,  is  usually 
dressed,  and  forms  the  upper  step.  When  the  underpinning  is  brick- 
work the  side-walls  above  the  ground  are  usually  made  8  inches 
thick,  a  single  2  by  8-inch  plank  being  used  for  the  frame.  Piece 
Jlf  is  a  bevelled  cleat,  pitched  and  tinned  to  throw  the  water  away 
from  the  doors. 

After  the  frame  is  secured  it  is  covered  with  matched-pine  boards 
or  ceiling  and  battened  doors  are  hung  to  it  by  means  of  heavy 
strap-hinges,  as  shown  in  the  drawing.  When  a  skeleton  frame  is 
used,  pieces  of  plank,  N,  N,  should  be  placed  under  the  hinges  to 
receive  the  screws. 

The  only  details  of  the  construction  of  the  ordinary  "bulkhead" 
which  require  especial  attention  are  those  connected  with  the  bed- 
ding of  the  frame  in  mortar,  the  bolting  of  it  in  place,  the  nailing 
of  the  doors  with  well-clinched  clout-nails,  the  thorough  fastening 
in  place  of  hinges  of  proper  size,  and  the  provisions  for  keeping 
water  out  of  the  stairway. 

The  cleats  for  the  doors  should  be  i\i  inches  thick  and  5%  inches 
wide,  with  a  mortise  cut  in  the  edges  of  the  frame  to  receive  them. 
It  is  a  good  idea  to  bolt  the  hinges  to  the  doors  with  %e-inch  car- 
riage-bolts, as  nails  are  apt  to  work  loose  in  time. 

In  the  majority  of  buildings  no  special  provision  is  made  to  keep 
the  rain-water  from  entering  around  the  doors;  but  for  all  first- 
class  residences,  especially  in  those  States  which  have  a  good  deal  of 
wet  weather,  the  architect  should  make  such  provision  in  his  speci- 
fications. A  beveled  cleat,  M,  pitched  to  each  side,  should  be  nailed 
to  the  casing  above  the  doors,  and  this  cleat  and  the  space  back  of 
it  should  be  covered  with  lead,  zinc  or  tin,  which  should  extend  at 
least  2  inches  up  on  the  sheathing  back  of  the  water-table  or  siding. 
This  will  prevent  the  water  that  runs  down  on  the  wall  from  entering 
the  joint  above  the  doors.  A  small  groove,  also,  should  be  made 
around  the  inner  edge  of  the  frame,  as  shown  in  the  perspective, 
and  in  section  X,  to  carry  off  what  little  water  may  enter  the  joints. 
The  meeting- joints  of  the  door  may  be  protected  by  a  batten,  and 
a  groove  may  be  made  in  the  edge  of  the  standing  door  under  the 
batten,  as  shown  at  Y.  With  these  precautions  very  little  water  will 
enter  around  the  doors  and  they  will  not  be  as  likely  to  freeze  up 
in  winter. 

Figs.  236  and  237  show  plans,  elevations  and  sections  of  other 
types  of  outside-cellarway  bulkheads  for  stone  or  brick  walls.  The 
detailed  construction  of  the  various  parts  is  in  each  case  clearly 
shown. 
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Fig.  23J.    Outside  CelUrwai-Bulklieid  to  Brick  Wall. 
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8.    SUPERINTENDENCE. 

i66.  MATTERS  REQUIRING  SPECIAL  SUPERINTEND- 
ENCE. The  superintendence  of  the  work  described  in  this  chapter 
will  ordinarily  be  a  very  simple  matter,  especially  if  the  work  has 
been  explicitly  detailed  and  specified. 

In  regard  to  the  rough  boarding,  the  only  inspection  needed  will 
be  concerning  the  quality  of  the  lumber  and  its  nailing,  and  to  see 
if  it  is  put  on  as  specified,  that  is,  "close"  or  "open,"  or  horizon- 
tally or  diagonally.  Each  board  should  have  two  nails,  preferably 
tenpenny  nails,  at  every  bearing,  although  eightpenny  nails  are  com- 
monly used.  The  superintendent  should  see,  also,  that  the  boarding 
under  tin  roofs  has  all  its  projecting  edges  eased  off,  and  that  the 
small  knot-holes,  if  there  are  any,  are  covered  with  pieces  of  gal- 
vanized iron.  Large  knot-holes  should  not  be  permitted.  (See 
Art.  133,  page  169.) 

The  frames  should  be  examined  as  soon  as  they  are  delivered  at 
the  building,  to  see  that  they  are  made  strictly  in  accordance  with 
the  details  and  that  the  lumber  used  is  of  the  required  quality  and 
thickness.  The  particular  details  to  be  looked  after  in  the  construc- 
tion of  the  frames  are  those  which  are  unusual  in  common  work, 
such  as  the  ploughing  of  the  pulley-stiles  into  the  outside  casings 
and  the  rebating  of  the  sills.  The  superintendent  should  see  that 
the  back  of  every  frame  is  painted  before  the  frame  is  set,  if  so 
specified,  as  it  should  be  for  good  work.  In  brick  buildings  he 
should  see  that  a  piece  of  2  by  4-inch  studding  is  built  into  the  wall 
under  every  window-frame  (page  184)  and  that  each  frame  is  set 
plumb  and  is  well  braced  during  the  building  of  the  walls.  In  brick 
and  stone  walls  the  frames  are  easily  pushed  in  or  out  before  they 
are  completely  walled  in,  and  they  cannot  easily  be  adjusted  after 
the  walls  are  up.  It  is,  consequently,  not  uncommon  to  see  frames 
out  of  plumb  and  showing  a  narrower  or  wider  reveal  at  the  top 
than  at  the  bottom.  The  pulley-stiles,  also,  should  be  braced  by 
boards  set  in  between  them  to  prevent  the  sides  of  the  frames  from 
being  "sprung"  toward  each  other  by  the  brickwork. 

In  wooden  buildings  there  is  not  much  chance  for  the  frames 
to  move  after  they  are  once  set  and  nailed ;  and  it  is  only  necessary 
to  see  that  they  are  plumbed  before  nailing  and  that  sheathing-paper 
is  put  back  of  the  outside  casings  when  these  casings  are  placed 
over  the  sheathing. 

The  plumbing  and  securing  of  the  door-frames  in  brick  or  stone 
walls  should  be  carefully  looked  after  as  it  is  even  more  important 
to  have  these  than  it  is  to  have  the  window-frames  plumb  and  rigid. 
If  a  door-frame  is  not  plumb  the  door  will  not  swing  properly,  and 
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the  slamming  of  a  door  soon  loosens  the  frame  if  it  is  not  well  an- 
chored (Art.  164). 

When  the  sashes  are  delivered  they  should  be  examined  to  see 
that  they  are  of  the  specified  thickness  and  that  the  glass  is  of  the 
kind  specified.  Plate  glass  can  easily  be  distinguished  from  other 
glass  by  both  thickness  and  reflection ;  and,  as  there  is  practically  but 
one  quality,  there  is  little  chance  of  an  inferior  article  being  substi- 
tuted. When  sheet  glass  is  specified  it  is  not  so  easy  to  determine 
the  quality,  although  single-strength  and  double-strength  glass  can 
generally  be  readily  distinguished;  and  first-quality  glass  should  be 
free  from  flaws  and  streaks.  If  one  of  the  special  brands  of  glass 
is  specified  there  will  be  no  difficulty  in  seeing  that  it  is  f umfehed, 
as  each  light,  in  the  first-quality  glass,  is  labeled  with  the  trade- 
mark. 

All  sashes  and  outside  frames  should  be  primed  or  oiled  as  soon 
as  possible  after  they  are  delivered  at  the  building. 


Chapter  IV. 
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I.    OUTSIDE  FINISH  IN  GENERAL. 

i6^.  ORDER  OF  PROCEDURE.  After  a  wooden  building  is 
sheathed  or  boarded  the  next  step,  ordinarily,  is  the  finishing  of 
the  eaves  and  gables  in  order  that  the  roof-covering  may  be  put  on 
and  the  building  protected  from  the  weather.  While  part  of  the 
workmen  are  putting  on  the  roof,  others  are  usually  employed  in 
setting  the  window-frames  and  outside-door  frames  and  in  putting  on 
the  outside  finish,  preparatory  to  covering  the  walls  with  siding  or 
shingles.  Sometimes  the  roof  is  shingled  before  the  g'^ble-ends  are 
finished,  the  shingles  being  kept  back  from  the  ends  of  the  roof 
and  filled  out  after  the  raking  cornice  is  put  in  place.  The  gutter 
or  eaves,  however,  must  be  finished,  at  least  on  top,  before  the 
roofers  can  commence  work,  and  it  is  also  necessary  that  all  of 
the  outside  casings,  corner-boards,  etc.,  be  fixed  in  place  before 
the  walls  can  be  covered. 

i68.  MATERIAL  FOR  OUTSIDE  FINISH.  The  material 
for  outside  finish  should  be  eastern  white  pine,  western  white  pine, 
cypress,  larch,  Douglas  fir,  or  redwood,  the  two  last-named  woods, 
however,  being  seldom  used  east  of  the  Rocky  Mountains,  except 
for  piazza-posts  or  parts  of  large  dimensions.  In  the  better  class 
of  buildings  clear,  well-seasoned  stock  is  generally  specified,  but  on 
cottages  a  few  small,  sound  knots  are  often  permitted. 

The  various  parts  of  the  finish  should  be  grooved  and  tongued 
together  wherever  practicable,  the  tongue  being  painted  with  white 
lead  and  oil  just  before  joining  the  pieces.  All  joints  should  be  so 
made  that  they  are  protected  from  the  weather  as  much  as  possible, 
and  the  pieces  should  be  fastened  with  nails  or  screws  and  not 
glued.  All  nail-heads  should  be  sunk  below  the  surface  of  the 
finish  and  the  holes  filled  with  putty.     (See,  also.  Arts.  28  and  29.) 

2.    EAVES,  CORNICES  AND  GUTTERS. 

169.  GENERAL  CONSTRUCTION  OF  EAVES,  COR- 
NICES   AND    GUTTERS.    The   principal    considerations   of    a 
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practical  nature  in  designing  the  eaves  of  buildings  and  particularly 
those  of  dwellings,  are  the  making  of  proper  provisions  for  carrying 
off  the  water  falling  on  the  roof,  whether  in  the  form  of  rain  or 
snow,  and  the  providing  of  sufficient  projection  for  the  protection 
of  walls  from  the  water  which  drips  from  the  eaves.  The  projec- 
tion and  finish  of  the  eaves,  also,  have  a  very  decided  effect  upon 
the  architectural  character  of  the  building;  and  it  is  this  considera- 
tion that  generally  determines  them. 

The  eaves  of  dwellings  are  occasionally  finished  in  the  simplest 
manner  by  a  gutter  with  a  small  molding  underneath,  the  entire 
projection  not  exceeding  6  or  7  inches.  When  finished  in  this  way 
they  are  called  "close  eaves"  or  "close  cornices."  Close  eaves,  how- 
ever, although  they  may  answer  the  purpose  in  some  localities,  are 
not  as  satisfactory  as  projecting  eaves  and,  except  on  dormers,  are 
now  seldom  used. 

The  holding  and  conducting  away  of  the  water  is  provided 
for  by  means  of  "gutters."  These  may  be  made  of  wood,  tin, 
galvanized  iron  or  copper  and  in  various  forms.  In  Eng- 
land cast-iron  gutters  in  connection  with  wooden  eaves  are  largely 
employed,  but  the  author  has  not  heard  of  their  use  in  this  coun- 
try. 

170.  WOODEN  GUTTERS.  In  New  England  wooden  gut- 
ters are  of  more  general  use  for  dwellings  and  have  proved  very 
durable.  These  gutters  are  worked  out  of  solid  cypress  or  white 
pine,  the  common  shape  being  that  shown  in  Figs.  238,  241,  etc 
Cypress  is  much  more  durable  than  white  pine.  Several  sizes  of 
gutters  are  carried  in  stock  by  the  larger  lumber-dealers  of  Boston 
and  other  New  England  cities,  but  the  common  sizes  are  4  by  6, 
5  by  7  and  5  by  8  inches.  In  making  the  gutters  the  core  is  taken 
out  in  such  a  way  that  it  may  be  utilized  in  making  wooden  con- 
ductors or  downspouts.  (See,  also.  Fig.  273,*  Art.  177,  "Wooden 
Conductors.") 

When  the  length  of  the  gutter  between  angles  does  not  exceed 
20  feet  it  may  be  made  of  one  piece  of  wood,  but  for  greater 
lengths  two  or  more  pieces  are  joined  together  by  nailing  and 
by  flashing  with  sheet  lead  in  the  following  manner.  The  two 
pieces  to  be  joined  are  cut  on  a  bevel  to  fit  closely  together  and  a 
rebate  is  made  for  a  distance  oi  ij/i  inches  on  each  side  of  the 
joint  to  a  depth  equal  to  the  thickness  of  the  sheet-lead  flashing. 
A  piece  of  sheet  lead,  3  inches  long,  is  then  imbedded  in  the  rebate 
with  elastic  cement  and  tacked  around  the  edges  with  galvanized 
or  copper  tacks.    This  is  a  perfect  joint  and  easily  made. 

With  the  possible  exception  of  redwood,  cypress  is  the  best  of 

*  Reproduced  through  the  courtesy  of  the  A.  T.  Steams  Lumber  Co.,  Boston,  Mass. 
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the  woods  for  such  gutters,  but  white  pine,  also,  has  been  very 
extensively  used  in  New  England. 

In  nearly  all  other  sections  of  the  country  the  gutters  are  made 
of  tin,  galvanized  iron  or  copper,  tin  being  used  principally  for 
lining  wooden  forms.  The  shape  of  metal  gutters  may  be  varied  to 
suit  the  pitch  of  the  roof  or  the  taste  of  the  designer,  since,  with 
the  exception  of  cheap,  hanging  gutters,  metal  gutters  are  not  car- 
ried in  stock  but  made  to  order  as  required.  Metal  gutters  are 
described  in  connection  with  the  examples  of  eave-construction. 

171.  EXAMPLES  OF  WOODEN-EAVE  CONSTRUCTION. 
The  manner  of  finishing  the  eaves  of  buildings  varies  with  the 
style  of  the  building,  and  also,  to  some  extent,  with  the  locality; 
and  even  the  same  architect  varies  his  details  more  or  less  for  each 


Fig.  338.    A,   Eave-Trough.    B.  Wooden-Gutter,  Boxed  Raften. 

building  that  he  designs.  All  the  common  forms  of  wooden-eave 
construction,  however,  may  be  represented  by  four  or  five  types. 
Brick  and  stone  buildings,  when  erected  in  large  cities,  are  gen- 
erally finished  with  a  stone,  terra-cotta  or  metal  cornice,  as  wooden 
cornices  are  not  usually  permitted  within  the  fire-limits  and  are  not  as 
durable  as  those  made  of  the  other  materials.  Outside  of  the  fire- 
limits,  however,  brick  buildings  as  well  as  frame  buildings  with 
pitched  roofs  are  generally  finished  with  wooden  eaves.  For  the 
cheaper  class  of  buildings  the  construction  shown  in  Fig.  238,  A  and 
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B,  is  probably  more  common  than  any  other,  the  wooden  gutter  beii^ 

used  in  the  New  England  States  and  a  tin  or  galvanized  gutter  in 

other   sections   of   the   country.     The   "planceer,"    "plancher,"   or 

"soffit-piece"  may  be  either  nailed  to  the  bottom  of  the  rafters,  as 

shown  at  B,  or  carried  across  level,  as  shown  at  A,    This  form  of 

cornice  is  generally  termed  a  **box  cornice,"  as  the  rafter-ends  are 

"boxed"  in.    When  an 

open,   metal   gutter   is 

placed  under  the  eaves 

of  a  box  cornice,  as  at 

A,     this     construction 

answers     its     purpose 

very     well.    When     a 

wooden  gutter  is  used, 

however,   as   at   B,   it 

has  been  found,  in  the 

Northern    States,   that 

snow  is  apt  to  lodge  in 

the    gutter    and    that 

during   many    days    in 

the    winter    when    the 

snow  on  the  roof  melts 

a  little  at  midday,  the 

water  runs  down  to  the 

snow  in  the  gutter  and 

freezes  there.    The  ice 

thus    formed    by    this 

alternate  freezing  and 

thawing  finally  "backs 

up"    over    the    gutter, 

under    the    first    two 

or    three    courses    of 

shingles  and  the  water 

from  the  melting  ice  drips  down  inside  the  boxing  and  sometimes 

inside  the  walls.     The  only  way  to  prevent  this  with  a  cornice  like 

that  shown  at  B,  is  to  tin  the  gutter  and  extend  the  tin  2  or  3  feet  up 

over  the  roof,  a  construction  which  is  very  unsightly. 

Fig.  239  shows  four  types  of  box  cornices  for  frame  buildings. 
Fig.  240  shows  a  section  through  the  main  cornice  and  balustrade 
of  a  frame  residence  near  Franklin  Park,  Boston,  Mass.,  designed 
in  the  colonial  style  by  J.  A.  Schweinfurth.  The  details  show  the 
copper  base  for  the  balustrade,  the  tar-and-gravel  roofing,  the  copper 
flashing  at  the  edge  of  the  wood  gutter,  the  furring  for  cornice 
and  the  studding,  plates,  etc.    The  soffit  above  the  consoles  has  a 


Fig.  239.     Types  of  Box  Cornices  for  Frame  Buildings. 
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slight  incline  and  holes  are  bored  where  shown  for  the  escape  of 
any  water. 


t  and  Biluitnde.    Colonial  Reaidenee. 


When  wooden  gutters  are  used,  the  best  method  of  constructing 
the  eaves,  from  a  practical  standpoint,  is  undoubtedly  that  shown 
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in  Fig.  241,  In  this  construction  the  rafters  are  exposed  and  there 
is  an  open  space  above  the  back  of  the  gutter,  so  that  there  is  little 
danger  of  ice  backing  up  on  the  roof.  The  rafter-ends  may  be 
plain  or  ornamented  and  if  a  heavier  material  is  required  for  the 
exposed  ends  than  is  necessary  for  the  rafters  themselves,  the  latter 
may  be  cut  off  on  a  line  with  the  outside  of  the  wall  and  false 
rafter-ends  spiked  to  them  and  to  the  plates,  as  shown  in  Fig.  246. 


Wooden  Gutter.  Open  Rafter*. 


Fig.  244  shows  details  of  open-timber  construction  for  cornices. 
These  cornices  are  suitable  for  use  only  in  the  cheapest  work  and 
although  shown  for  shingle  roofs  they  may  be  used  for  sheet-metal, 
tile  or  slate  roofs.  In  this  case  the  "shQw-rafters"  are  simply 
extensions  of  the  main-roof  rafters.  Fig.  245  shows  two  details 
of  open-timber  cornice-construction  for  more  expensive  work  than 
that  shown  in  Fig.  244.  In  these  cases  the  show-rafters  are  of 
better  material  and  often  sawed  to  pattern.  They  may  be  set  at  a 
different  angle  from  the  main  rafters  in  order  to  give  a  slight  curve 
or  refinement  to  the  lines  of  the  roof  at  the  eaves.  It  is  better 
practice  to  form  the  curve  in  the  upper  sheathing  as  shown  and 
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to  keep  the  show-rafters  and  sofHt  straight.  With  shght  modifi- 
cations these  designs  may  be  used  for  either  frame  or  masonry 
buildings. 


Fis-  14J.    Uctal-Ikied  GuHtr.  Open  Rafter*. 


FIf.  144.    Opea.Timbcr  Coi 


In  the  Northern  States  and  wherever  a  building  is  much  expos^ 
to  the  wind,  a  board  B,  Fig.  241,  should  be  cut  in  between  the  rafters 
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and  let  into  them  about  %  of  an  inch  to  keep  the  attic  warm  and 
to  prevent  snow  from  being  driven  through  the  cracks. 

Where  it  is  not  practicable  to  leave  an  open  space  above  the  gutter 
the  method  of  applying  the  latter  shown  in  Fig.  242  is  believed  to  be 
the  best.    In  the  Northern  States  when  a  gutter  is  placed  under  the 


Open-Timber  ComicCK 


edge  of  a  roof,  as  in  Figs.  238,  241,  247,  etc.,  the  outer  edge  should 
be  kept  just  a  Utile  below  the  line  of  the  roof  so  that  the  snow  may 
slide  off  without  striking  the  gutter.     Very  often  the  first  course 


Fig.  146.     Wooden 


1  Meiil-LIned  GutI 


of  shingles  is  raised  ^  an  inch  above  the  roof-boarding,  as  shown 
in  Figs.  238  and  241. 

The  projection  of  the  eaves  may,  of  course,  be  made  to  suit  the 
taste  of  the  designer,  but  with  common  box  cornices  the  back  of 


258  BUILDING-CONSTRUCTION.  (Cb.  IV) 

the  fascia  is  generally  set  about  12  inches  from  the  wall-line. 
Open  cornices  generally  have  a  projection  of  from  18  inches  to 
4  feet,  the  heavy  projection  being  used  principally  for  the  ef- 
fect of  the  shadow,  and,  in  warm  climates,  to  make  the  rooms 
cooler. 

172.  METAL-LINED  GUTTERS.  In  many  localities  a  form 
of  gutter  like  that  shown  in  Fig.  246  is  commonly  used.  This  gut- 
ter is  formed  by  setting  a  strip  of  board,  5,  3  or  4  inches  wide,  on 
top  of  the  shingles  and  a  few  inches  from  the  edge  of  the  roof,  with 
brackets,  A,  placed  against  it  about  every  24  inches  to  keep  it  in 
position.  The  V-shaped  gutter  thus  formed  is  lined  with  tin,  which 
should  be  tacked  to  the  upper  edge  of  the  board  B,  the  upper  edge 
of  the  tin  being  turned  over  a  half-round  cleat  nailed  to  the  roof- 


Fiff.  347.  Fig.  248.     Metal    Gutter-Strip    and    Metal- 

Dropped  Metal  Gutter.  Lined  Gutter. 

boards.  The  top  of  this  cleat  should  be  at  least  2^  inches  vertically 
above  the  edge  of  the  board  B  and  on  steep  roofs  it  is  better  to  make 
the  distance  3  or  4  inches.  Fig.  248  shows  a  similar  gutter  made 
entirely  of  galvanized  iron  or  copper.  Either  of  these  gutters  may 
be  placed  on  any  projecting  eaves,  whether  open  underneath  or 
boxed  in. 

The  only  objections  to  gutters  of  this  type  that  the  author  has  met 
with  are  that  in  cold  climates  they  retain  more  or  less  snow,  causing 
the  water  to  back  up  on  the  roof,  and  that  the  projection  of  the 
roof  below  the  gutter  catches  some  rain,  thus  causing  a  slight  drip. 
Such  gutters  detract  somewhat  from  the  appearance  of  the  roof. 
They  should  always  be  placed  outside  the  wall-line. 

Fig.  243  shows  a  forni  of  eave-construction  which  is  very  similar 
to  that  shown  in  Fig.  241,  the  only  practical  difference  being  in  the 
form  of  gutter  used.    The  gutter  in  Fig.  243  is  made  in  about  the 
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same  way  as  the  gutter  shown  in  Fig.  246,  but  instead  of  being 
placed  on  the  roof  it  is  dropped  below  it.  The  board  B  should  be 
i^  inches  thick  and  the  brackets  may  be  of  any  desired  shape. 
This  makes  a  very  efficient  cornice  for  mediimi-priced  houses, 
especially  in  the  Northern  States,  but  rafters  at  least  8  inches  deep 
are  required  to  form  the  gutter. 

Tin-lined  gutters,  also,  are  very  commonly  formed  in  the  top 
of  a  heavy,  box  cornice,  especially  when  the  roof  is  quite  flat  or 
when  the  cornice  is  at  the  base  of  a  French  roof.  Fig.  253  shows 
the  manner  in  which  the  gutter  is  generally  formed  and  Fig.  134 
shows  the  same  method  applied  to  cornices  surmounted  by  Mansard 
roofs.  Such  gutters  should  be  of  ample  size,  with  a  good  pitch 
to  the  bottom  and  the  tin  should  be  carried  to  a  considerable  dis- 
tance above  the  gutter. 

Fig.  255  shows  the  cornice-details  of  a  frame  house  of  colonial 
design  located  in  Seattle,  Wash.,  and  designed  by  Bigger  &  Warner 
for  Mr.  C.  H.  Lea.  The  shingles  are  of  cedar  and  the  siding  of 
Washington  fir,  run  especially  large  so  as  to  show  5  inches  on  the 
face.  The  constructive  wood  of  the  house  is  of  fir,  the  local  build- 
ing wood.  Triglyphs  in  pairs,  as  shown,  were  used  at  the  corners 
of  the  house  and  at  intervals  along  the  frieze,  forming  four  di- 
visions or  intermediate  spaces  on  the  front  of  the  house  and  one 
space  at  the  end.  The  goose-neck  connection  from  the  gutter, 
through  the  soffit  of  the  cornice,  connects  with  a  rain  conductor- 
head  placed  against  the  wall* just  below  the  frieze  and  centered 
between  the  triglyphs.  The  illustration  does  not  show  this  latter 
detail. 

For  the  lining  of  gutters  copper  is  the  most  durable  material,  but 
on  account  of  its  cost  it  is  not  used  as  frequently  as  tin.  Only 
the  best  quality  of  roofing-tin  should  be  used,  of  a  thickness,  like 
IX,  not  easily  punctured.  It  should  be  painted  on  the  under  side 
before  it  is  put  in  place  and  on  the  exposed  side  afterward.  The " 
phrase,  however,  in  the  specifications,  "tin  of  IX  thickness,**  does 
not  necessarily  mean  anything  of  advantage,  for  the  reason  that 
there  are  so  many  good,  bad  and  indifferent  tins  manufactured. 
Nor  is  it  sufficient  simply  to  specify  "best  quality."  This  might 
refer  to  the  "best  quality"  of  some  particular  "grade"  and  there 
are  numerous  grades  of  tin.  Some  grades  refer  to  8  pounds  of 
coating  to  a  box  of  20  by  28-inch  sheets.  Others  to  coatings  of 
10,  12,  15,  20  and  25  pounds,  and  so  on  up  to  40  pounds.  AH  of 
these  are  made  in  the  IX  thickness  and  any  one  of  them  might  be 
termed  the  "best"  of  its  respective  "grade.**  Hence  a  particular 
"grade**  of  those  manufacturers  whose  products  are  generally  ap- 
proved as  standard  should  be  specified. 
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Fig.  251  shows  various  types  of  tin-lined  gutters,  all  but  detail  m 
being  generally  adapted  to  frame  buildings.  At  d  is  shown  an 
adjustable  eave-trough.  A  solid,  wooden  gutter  is  shown  at  g. 
The  gutters  at  h,  i,  k,  I  and  n  are  sunk  gutters,  cut  into  the  rafters. 
A  gutter  for  a  brick  or  stone  building  is  shown  at  m. 

173.  EAVE-TROUGHS  AND  METAL  GUTTERS.  In 
most  instances  the  simplest  method  of  taking  care  of  the  water 
from  the  roof  is  to  place  a  galvanized-metal  or  copper  gut- 
ter under  the  outer  edge  and  in  large  cities  this  method  is  prob- 
ably more  often  followed  than  any  other.  There  are  many  different 
eave-troughs  and  hangers  on  the  market.  The  thickness  of  metal 
is  the  same  for  conductor-pipes  as  for  gutters.  In  small  places 
where  there  are  no  shops  for  making  gutters,  tin-lined  or  wooden 
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Fig.   249.    Berger  Eave-Trough   Hanger.     Fig.  250.    Metal  Eave-Trough  and  Hanger. 


gutters  are  the  cheapest.  The  best  galvanized  iron  to  use  for  gut- 
ters is  either  "Ingot"  or  "Toncan."  "Monel,"  a  non-corrosive 
metal  composed  of  copper  and  nickel  is  sometimes  used  instead  of 
copper.  Copper  is  not  affected  by  the  atmosphere  and  conductor- 
pipes  and  eave-troughs  made  of  it  last  as  long  as  the  building  on 
which  they  are  used.  Galvanized  material  has  a  tendency  to  de- 
teriorate and  has  a  relatively  limited  life,  unless  it  is  repainted 
from  time  to  time.  While  the  first  cost  of  copper  is  in  excess  of 
that  of  galvanized  iron,  in  view  of  the  saving  in  expense  resulting 
from  the  great  durability  of  copper,  the  latter  material  is  often 
cheaper  in  the  end.  Should  it  ever  become  necessary  to  remove 
eave-troughs,  copper  conductor-pipes,  etc.,  in  making  alterations, 
the  copper  material  has  value  as  scrap,  whereas  galvanized  iron  is 
worthless. 

The  cost  of  copperwork  is  about  four  and  one-half  times  the  cost 
of  galvanized-iron  work  and  the  cost  of  the  labor  is  about  the 
same  for  each.    If  the  work  is  plain,  the  relative  cost  of  galvanized 


CORNICES  AND  CUTTERS. 


Fig.  asi.  Types  of  Gulleri.  d,  Eave-Trough  Hanger,  t.  Dropped  Wooden-Gulter.  m. 
Gutter  (or  Msaonry  Wall,  a,  b,  c,  t  and  /,  Cuttcri  Above  KaClers.  k,  >,  k,  I  and  ••. 
Sank  GuHen. 

ironwork  is  considerably  less,  whereas  if  the  work  has  much  orna- 
meatation,  the  cost  of  the  labor  amounts  to  more  than  the  cost  of 
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the  raw  material  if  of  copper ;  and  the  relative  cost  is  not  so  great. 
For  plain  work  the  cost  of  the  labor  amounts  to  approximately 


F[g.  asi.     Dropptd  Mttal  Gutlrr.  |-ig.  253.     Woodrn  Cornict  and  Guile 

for  Moloney   Wmll      bM  I  ig    154. 


aj4.     Eleralion  of  Cornice  Shown  in  Fig.  353.     Designed  by 


twice  the  cost  of  the  galvanized  iron.     For  work  of  this  description 
the  relative  cost  of  galvanized  iron  and  copper  is  probably  as  one 
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is  to  two;  whereas  if  the  work  contains  much  ornamentation,  the 
difference  is  not  so  great.  When  it  is  necessary  to  paint  galvanized 
iron  every  few  years,  the  total  cost  at  the  expiration  of  ten  years, 
for  example,  is  even  less  for  copper  than  for  galvanized  iron.  (See, 
also,  Art.  178.) 

Gutters  placed  on  the  outer  edge  of  the  eaves  may  be  made  of 
many  forms,  the  simplest  being  the  half-round  trough,  as  shown  in 
Figs.  238,  A,  and  250.  These  troughs  are  usually  either  hung 
from  the  edge  of  the  roof  by  a  hanger  such  as  is  shown  in  Fig.  250 
or  supported  by  iron  brackets,  as  shown  in  Figs.  238,  A,  and  249. 
The  troughs  are  usually  made  of  galvanized  iron  and  of  the  form 
shown  in  Fig.  250,  this  being  a  stock  pattern.  On  sheds  and  very 
cheap  buildings  tin  gutters  are  frequently  used,  but  they  are  far 
from  durable  and  cannot  be  recommended.  Where  some  pretense 
to  ornamentation  is  made,  as  in  the  trough  shown  in  Fig.  252,  it  may 
be  made  of  i6-ounce  cold-rolled  copper,  which,  while  much  more 
expensive,  will  la'st  almost  forever. 

When  eave-troughs  are  used  the  author  recommends  that  some 
form  of  hanger  similar  to  that  of  the  Berger  hanger,  of  which  one 
pattern  is  shown  in  Fig.  249,  be  specified,  unless  an  ornamental 
bracket  is  preferred,  as  such  hangers  are  far  superior  to  the  cheap 
affairs  ordinarily  used  by  tinners.  The  Berger  hanger  is  made  in 
two  parts,  the  shank  and  the  hook,  which  are  bolted  together.  Sev- 
eral styles  of  shanks  are  made  so  that  they  may  be  screwed  to  the 
fascia  or  to  the  side  of  the  rafter,  or  nailed  to  the  top  of  the  roof- 
boarding.  The  hooks  are  made  4,  5,  6,  7  and  8  inches  wide.  By 
means  of  the  holes  in  the  shank  and  hanger  the  height  of  the  hook 
on  the  shank  may  be  varied  from  ]/i  to  2^  inches  in  order  to  give 
a  proper  fall  to  the  gutter.  These  hangers  can  be  applied  to  any 
cornice,  old  or  new,  and  the  hook  may  be  readily  adjusted  at  any 
time.     They  cost  only  about  6  cents  apiece. 

When  no  particular  hanger  is  specified,  one  similar  to  that 
shown  in  Fig.  250  is  generally  used,  as  it  costs  2  or  3  cents  less 
than  the  Berger  hanger.  Such  hangers,  however,  are  very  flimsy 
affairs,  and  not  suitable  for  good  buildings. 

Eave-troughs,  when  made  of  good  material,  with  slip-joints,  make 
very  practical  gutters,  which  do  not  easily  get  out  of  order;  and 
if  a  leak  does  occur  it  will  not  damage  the  building.  They  are 
not  very  ornamental,  however,  and  their  use  is  therefore  confined 
largely  to  cottages,  stables,  porches,  etc. 

Next  to  the  eave-trough,  the  simplest  gutter  for  the  edge  of  a 
roof  is  that  shown  in  Fig.  247.  This  form  of  gutter  is  very  exten- 
sively used.  It  makes  a  neat  finish  and  answers  its  purpose  very 
satisfactorily  when  provided  with  a  sufficient  fall  to  the  outlets.     It 
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is  somewhat  more  expensive  in  most  localities  than  a  wooden  or 
tin-lined  gutter.  It  should  be  made  of  either  galvanized  iron,  not 
lighter  than  No.  26  gauge,  No.  24  being  preferred,  or  of  i6-ounce 
cold-rolled  copper.  All  end-joints  should  be  soldered  and  riveted 
unless  the  gutter  is  very  long,  when  one  or  more  expansion-joints 
should  be  provided.  The  back  of  the  gutter  should  be  turned  up 
on  the  roof  at  least  3  inches. 

About  the  only  objection  to  this  type  of  gutter  is  that  when  it 
is  applied  to  overhanging  eaves  it  is  usually  necessary  to  make  it 
level,  and  when  this  is  done  it  gets  clogged  with  dirt  and  leaves 
after  a  time  and  prevents  the  water  from  draining  perfectly.  It  also 
allows  the  water  to  freeze  occasionally  during  the  winter  months, 
causing  the  joints  to  open.  When  the  lengths  of  the  gutter  are  short 
and  the  cornice  has  a  good  projection  the  want  of  a  pitch  to  the 
gutter  does  not  give  serious  trouble;  but  where  the  lengths  are 
long  or  the  projection  very  slight  the  gutter  should  always  have  a 
fall  to  the  outlet  of  at  least  i  inch  in  20  feet.  With  a  single  gutter 
this  fall  is  obtained  by  making  the  back  of  the  gutter  higher  at  the 
low  end  than  it  is  at  the  other.  The  author  has  found  that  metal- 
workers seldom  give  any  pitch  to  such  gutters  unless  it  is  specified. 

When  a  metal  gutter  forms  the  crown-member  of  a  box  cornice, 
as  in  Figs.  260  and  261,  it  is  generally  necessary  to  make  the 
exposed  face  of  the  gutter  level.  To  do  this  and  also  pitch 
the  gutter,  it  is  customary  to  make  a  false  front  for  the  latter, 
as  shown  in  the  drawings.  This  front  is  set  level,  but  the  gutter 
proper  has  a  pitch  of  an  inch  or  more,  as  may  be  desired.  Wher- 
ever metal  gutters  are  used  on  brick  cornices  this  arrangement 
should  always  be  adopted. 

There  is  a  slight  objection  to  having  the  gutter  at  the  very  edge 
of  widely  projecting  eaves,  as  a  heavy  *'goose-neck"  or  long  piece 
of  bent  pipe  is  required  to  connect  it  with  the  upper  end  of  the 
conductor;  and  such  connecting-pipes,  being  necessarily  quite  con- 
spicuous, often  mar  the  appearance  of  a  building.  For  this  reason 
many  architects  prefer,  with  such  cornices,  to  place  the  gutter  on 
top  of  the  roof,  as  in  Figs.  246,  248,  etc.,  as  by  this  arrangement  a 
much  shorter  and  less  conspicuous  connecting-pipe  may  be  used. 

When  drawing  the  details  of  the  gutter  and  cornice  the  draughts- 
man should  always  consider  how  the  gutter  is  to  be  connected  with 
the  outlet-pipe  and  locate  the  former  so  that  a  neat  and  practical 
connection  may  be  made.  The  outlet-pipe  should  always  cut 
through  the  bottom  of  the  gutter  but,  if  more  convenient,  may  be 
cut  on  a  slant. 

174.  WOODEN  CORNICES  FOR  CHEAP,  WOODEN 
BUILDINGS.    Figs.  256,  257  and  258  show  a  number  of  ex- 
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amgles  of  wooden  cornices  *  for  sheds,  stables,  factories  and  other 
inexpensive  buildings. 

From  the  cornices  here  shown  the  reader  may  obtain  a  general 
idea  of  the  sizes  used.  The  area  of  the  roof  and  the  amount  of 
water  to  be  carried  off  guide  the  architect  or  builder  in  determining 
the  size  of  the  gutter.  The  flashings  shown,  which  are  generally 
made  of  tin,  copper  or  galvanized  iron,  are  put  on  by  the  tinsmith 
or  plumber.  Moldings  of  stock  pattern  are  placed  on  the  cornices 
and  can  easily  be  procured  by  the  contractor  without  delay.  The 
brackets,  also,  can  be  taken  from  stock,  as  a  large  variety  is  kept 
on  hand. 

Type  I,  Fig.  256,  shows  a  gutter  of  a  prevailing  type.  It  is  generally 
shaped  by  using  a  false  rafter  but  can  be  formed  by  cutting  the  beam.  The 
rafter  used  is  as  a  rule  2  inches  thick,  but  the  gutter  can  be  cut  from 
timber  of  almost  any  size  convenient  to  use.  This  cornice  will  resist  any 
load  which  is  likely  to  come  upon  it  The  brackets  shown  are  generally 
put  on  for  appearance  only  and  can  be  added  or  omitted  as  desired.  Un- 
less very  strongly  made  they  do  not  act  as  braces.  The  construction  of  the 
cornices  shown  in  Types  2  and  3  is  similar  to  that  of  Type  i.  The  finish  of 
the  trim  differs  slightly.  As  in  the  former  type,  (Type  i),  the  gutter  is 
shaped  by  cutting  a  beam  or  using  a  false  rafter.  The  brackets  may  be 
used  or  not  as  desired. 

The  cornice  shown  in  Type  4  is  not  as  strong  as  the  tjrpes  above  de- 
scribed, but  has  given  satisfactory  results  and  is  often  used.  Good  strong 
brackets,  spaced  from  16  to  24  inches  on  centers,  placed  underneath  the 
cornice,  serve  to  strengthen  and  keep  the  gutter  in  shape,  and  are  recom- 
mended for  this  construction. 

A  very  strong  type  of  cornice  is  shown  in  Type  5,  as  it  is  supported  di- 
rectly or  indirectly  by  the  larger  timbers.  The  small  pieces  of  blocking 
should  be  well  fastened  to  the  piece  which  has  been  cut  to  make  the  over- 
hang. These  blocks  can  be  cut  from  timber  of  any  convenient  size.  The 
finish  of  the  cornice  can  be  made  to  suit  the  taste  of  the  owner  or  architect 

Type  6  meets  the  average  requirements  for  gutters.  It  is  obvious,  how- 
ever, that  care  should  be  taken  to  avoid  too  much  weight  coming  on  the 
trim,  as  very  likely  it  would  get  out  of  shape  if  too  heavily  loaded.  This 
construction  is  largely  used  on  verandas,  where  the  ceiling-joists  are  cut  to 
shape  on  the  end  and  where  no  great  weight  is  expected  to  come  on  them. 

Types  7  (Fig.  256)  and  8  (Fig.  257)  show  forms  of  gutters  which  are  com- 
ing more  and  more  into  favor  in  the  construction  of  wooden  buildings.  The 
aim  in  this  style  of  cornice  is  to  avoid  lodging-places  for  snow  in  spots  where 
the  sun  will  not  melt  it  quickly.  The  top  of  the  cornice  is  pitched  accord- 
ing to  the  steepness  and  area  of  the  roof,  so  that  the  water  will  not  flow 
over  it. 

*Tbe  illustrations  and  matter  relating  to  these  cornices  are  rearranged  and  adapted  by 
permission  of  the  David  Williams  Company,  New  York,  from  an  article  by  Mr.  J.  Gordon 
Dempsey,  in  the  "Building  Age." 
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In  Type  g  the  shape  of  the  gutter  is  cut  from  the  rafter.  It  is  a  sort  of 
overhang-gutter,  neat  in  appearance,  strong,  easily  made  and  a  great  deal 
used.     The  amount  of  rain-water  to  be  carried  off  governs  the  depth. 

Type  10  shows  a  gutter  which  has  at  least  one  advantage  over  other 
types.  As  ihe  shingles  or  slates  may  extend  ^  of  an  inch  over  the  inside 
of  the  gutter,  no  flashing  is  necessary.  The  water  drips  directly  into  the 
gutter.  It  is  a  one-piece  gutter  commonly  made  of  cypress  and  gives  good 
results. 

A  semicircular  hanging-gutter  is  shown  in  Type  ii.  Any  style  of  hang- 
ing-gutter can  be  put  on  in  place  of  this. 

A  very  cheap  gutter  is  shown  in  Type  iz.  Small  pieces  of  blocking,  cov- 
ered with  boards  of  any  convenient  size,  are  placed  from  i6  to  24  inches 
on  centers.  A  piece  of  half-round  is  nailed  on  the  top,  giving  the  gutter 
a  curved  shape.  The  flashing  is  placed  over  the  entire  gutter  adding  greatly 
to  its  strength.  The  area  of  rocf  and  the  amount  of  water  to  be  carried 
should  govern  the  size  of  the  gutter  which  can  be  installed  in  any  ordinary 


The  gutter  shown  tn  Type  13  has  a  more  elaborate  finish  on  the  overhang 

of  the  roof.     This  type  is  popular  for  churches,  dwellings,  etc     The  gutter 
is  held  in  place  by  brackets   spaced  from  16  to  24  inches  apart. 

The  cornices  shown  in  Fig  258,  Types  14  to  19,  are  for  use  on  heavy, 
wooden  buildings.  Where  a  roof  is  covered  with  slag  or  gravel,  gravel- 
strtps  are  used,  as  shown,  to  keep  the  slag  or  gravel  from  rolling  or  being 
washed  or  blown  off  the  roof  by  the  wind  -and  rain.  They  are  made  of 
metal,  usually  of  copper,  galvanized  iron  or  tin.  The  high  point  of  the  gutter, 
as  is  generally  understood,  is  at  one  end  of  the  building  and  a  slope  is  made 
to  the  low  point  at  the  other  end  and  toward  the  leader  which  carries  the 
water  away.  The  widths  shown  for  the  rafters  and  other  pieces  are  about 
the  sizes  generally  used. 

175.  WOODEN  CORNICES  FOR  BRICK  OR  STONE 
BUILDINGS.  Wooden  cornices 
for  brick  or  stone  buildings  are 
constructed  in  practically  the  same 
way  as  for  wooden  buildings,  ex- 
cept that  it  is  frequently  nec- 
essary to  butid  plank  brackets  or 
"lookouts"  into  masonry  walls  to 
support  the  woodwork.  Ordi- 
narily, on  brick  dwellings,  the 
wall-fascia  comes  down  but  I  or 
2  inches  onto  the  brickwork  and 
is  nailed  to  the  plates;  but  occa- 
''*A^".;-.^cb;»pli^!' Til.'"  sionally  it  is  desirable  to  cover  up 
a  foot  or  more  of  brickwork,  as 
in  Figs.  253  and  259,  in  which  case  it  is  necessary  to  build  "nailing- 
strips"  into  the  wall  at  the  proper  height  to  hold  the  finish. 
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The  varieties  of  cornice-construction  are  innumerable,  and  the 
profile,  projection,  etc.,  of  a  cornice  is  a  matter  of  design  as  well  as 
of  construction,  the  gutter,  as  already  stated,  being  the  principal 
constructive  feature.  As  an  aid  to  the  architect  in  deciding  upon 
the  style  of  cornice  to  be  adopted  and  in  detailing  the  same,  a  num- 
ber of  designs  of  various  types  of  cornices  are  given,  which,  with 
those  already  referred  to,  may  be  considered  as  covering  the  princi- 
pal forms  of  wooden  cornices. 

Figs.  253,  254,  255,  259,  260,  261,  266  and  267  show  various  styles 
of  box  cornices  on  masonry  buildings,  that  is,  those  in  which  the 
supporting  timbers  are  concealed. 

Fig.  253  shows  the  manner  in  which  a  classical  cornice  like  that 
in  Fig.  254  is  generally  constructed.  The  finish  and  the  gutter  are 
nailed  to  plank  "lookouts"  built  into  the  wall  about  every  24  inches. 
In  wooden  walls  these  lookouts  are  spiked  to  the  sides  of  the  studs. 
The  shape  of  the  moldings  may  be  varied  to  suit  individual  taste, 
but  the  pieces  should  be 
put  together  about  as 
shown,  and  a  drip  should 
always  be  provided  at  the 
point  D.  The  bottom  of 
the  gutter  should  be  in- 
clined toward  the  outlets, 
the  tin  being  carried  well 
up  onto  the  roof,  as 
shown.  _  When  the  gutter 
is  surmounted  by  a  bal- 
ustrade, special  care  must 
be  taken  with  the  tinning 
about  the  posts.  The  bot- 
tom rail  of  the  balustrade 
should  be  kept  at  least  2 
inches  above  the  roof.  In 
the  Northern  States  snow 
is  quite  sure  to  lie  back  of 
such  balustrades  and  the 
roof  should  be  tinned  for 
a     considerable     distance 

L.u:-.J       4.1 ...:i:...>        ».  Fig-  s^"-     Cornice  of  Wood  and  Slant 

behmd     trie     railing,     as  ^  for  M»n»ard  rooi. 

shown  in  the  figure. 

Fig.  259  shows  a  section  of  the  cornice  of  the  Burnham  Athe- 
nxum.  Champaign,  111.,  designed  Mr,  J.  A.  Schweinfurth.  The 
soffit  of  the  cornice  is  paneled,  the  brackets  being  spaced  from  2  to 
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3  feet  apart.    This  forms  a  very  suitable  cornice  for  a  classical 
building  with  a  low,  pitched  roof. 

Fig.  260  shows  a  common  method  of  forming  a  wooden  cornice 
at  the  base  of  a  mansard  or  gambrel  roof,  when  the  walls  are  of 
masonry.  The  double  gutter  shown  has  already  been  described 
(Art.  173)  and  should  always  be  used  on  such  cornices.  The  wall- 
plates  should,  of  course,  be  bolted  to  the  walls  in  the  manner  shown 
in  Fig.  259. 


Fig.  161.     Box  Cornice  on  Roidence,  Denver,  Col. 

Fig.  261  shows  a  box  cornice  used  by  the  author  on  a  brick,  city 
residence  in  Denver,  Col.  A  stone  or  terra-cotta  cornice  would 
have  been  more  appropriate,  but  could  not  be  afforded.  The  gut- 
ter is  the  same  in  construction  as  that  shown  in  Fig.  260,  the  crown- 
molding  being  level,  white  the  bottom  of  the  gutter  has  a  fall  of 
about  I  inch. 

Fig.  262  shows  a  section  of  the  cornice  on  a  grammar-school 
building  designed  by  Mr.  E.  M.  Wheelwright  for  the  city  of  Boston. 
The  special  feature  of  this  cornice  is  the  manner  in  which  the 
rafter-ends  are  supported,  it  being  in  this  respect  somewhat  unique. 
Usually  the  rafter-ends  are  made  self-supporting,  as  cantilevers, 
and  in  this  case  the  purpose  of  the  lower  brackets  and  beam  is  to 
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satisfy  th«  eye  rather  than  to  support  the  rafter-ends.    For  a  heavy 
building,  however,  such  a  cornice  seems  very  effective  and  in  case 
of    fire    would    prot)ably 
stand  longer  than  those 
of  the  usual  forms. 

Open,  wooden  cornices, 
that  is,  those  in  which  the 
rafter-ends  are  exposed, 
appear  to  be  very  popular 
at  the  present  time  and 
they  undoubtedly  involve 
the  best  construction  for 

durability  and  fire-resist-  ' 

bnce. 

Elaborate  cornices  gen- 
erally have  the  rafter- 
ends  made  of  white  or 
yellow  pine,  dressed  for 
painting     or     varnishing 

and  spaced  at  regular  in-      ^'•'-  "•'■  '^""''"b^L*;™™'"^'""'  ^'""'"'■ 
tervals.    These       rafter- 
ends  rest  on  the  wall-plates  and  their  upper  ends  are  spiked  to  the 
common  rafters  or  are  spiked  to  planks  set  in  between  them.    The 
roof-boarding  over  the  projection  must  be  sufiiciently  thick  to 


Fig.  aij.     Cornice  and  Hidden  Gulter.     Home  in  Cemintown,  Pa. 

prevent  the  shingle  or  slate-nails  going  through  it.  A  cov- 
ering of  ij^-inch  planks,  matched  and  beaded,  is  undoubtedly 
the  best,  affording  a  good  "hold"  for  the  nails  and  being,  also, 
slow-burning.     On  dwellings,  however,  a  more  common  covering 
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for  the  rafter-ends  consists  of  ^-incb  white  or  yellow-pine  ceil- 
ing, placed  with  the  dressed  side  down  and  with  the  usual  roof- 
boarding  or  sheathing  laid  on  top.  A  single  thickness  of  J^-inch 
ceiling  is  hardly  sufficient  for  good  work,  although  it  has  been  used 
for  shingled  roofs.  The  rafter-ends  are  generally  sawed  to  a  pat- 
tern and  present  a  better  appearance  when  3  or  4  inches  thick. 
A  somewhat  unusual  method  of  forming  the  gutter  in  an  open 
e  in  connection  with  a  tile  roof  is  shown  in  Fig.  263  and  used 


Fig.  366.     Uain   Cor 


Brick- VERctreil   Rnidencs,   Seattle,  Vftah. 


on  a  residence  in  Germantown,  Pa.,  designed  by  Frank  Miles  Day 
&  Brother.  The  idea  evidently  was  to  conceal  the  gutter  and  thus 
show  a  thin  roof-edge.  As  shown  in  the  elevation,  a  portion  of 
each  tile  was  placed  across  the  gutter.  Aside  from  the  appearance, 
the  author  regards  this  as  a  very  important  precaution,  as  the  tiles 
tend  to  prevent  snow  from  lodging  in  the  gutter  and  as  without 
them  it  would  be  likely  to  occasionally  fill  up  solid  with  snow 
and  ice. 

Fig.  264*  shows  the  cornice  and  frieze  of  the  residence  designed 

*  Rediawn  bjr  pcmiiHiun  from  "BuHding  DeUUa,"  Pnnk  U.  Snyder. 
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by  John  Russell  Pope  for  Mrs.  H.  B.  Jacobs,  Newport,  R.  I.  The 
exterior  finish  of  the  walls  of  the  house  is  white  stucco,  the  roof 
is  of  red  tile  and  the  cornice,  frieze,  window-frames  and  sashes 
are  of  wood,  painted  white.  The  2  by  lo-inch  lookouts  are  set 
2  feet  on  centers,  extend  through  the  brick  walls  and  are  secured 


fmm  xa'm 
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Tig.  36j.     Main  Com 


:  of  Dwellinc,  BridKcfaampton,  H.  Y. 


to  the  ceiling-joists.  The  gutters,  cut  into  the  rafters,  are  lined 
with  copper  and  the  cast-iron  leaders  run  back  to  chaces  in  the 
inside  face  of  the  walls.     The  other  details  are  clearly  shown. 

Fig.  265  •  shows  the  details  of  the  main  cornice,  roof-ventilator, 
dormer,  etc.,  of  a  stable  at  Tarrytown,  N.  Y,,  designed  by  York  & 
Sawyer.     The  wall-facing  is  a  gray,  rock-faced,  local  stone;  the 


'Kedrawn  b^  permiu 


1  from  "Bnfldlng  DeUili,"  Prank  M.   Sayd«t. 
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roofing  of  red,  American,  "S"  tile;  the  exterior  woodwork,  with 
the  exception  of  the  sashes,  chestnut,  stained  brown ;  and  the  sashes, 
white  pine,  painted  white.  The  gutters,  formed  at  the  edge  of  the 
eaves,  and  the  conductors  or  leaders  and  leader-heads,  are  of  cop- 
per, the  slanting  leaders  being  4  by  6  inches  in  cross-section.  The 
drawings  show,  also,  the  construction  of  the  cornice,  louvers,  sill, 
etc.,  of  the  ventilator  on  the  ridge  of  the  stable  roof ;  and  sections 
through  the  corner  of  one  of  the  dormers  and  through  the  jamb, 
meeting-stile,  muntin  and  sill  of  the  frame  and  sash  of  the  dormer 
casement-window. 

Fig.  266  shows  a  section  through  the  main  cornice  of  a  brick- 
veneered  residence  in  Seattle,  Wash.,  designed  by  Gould  &  Champ- 
ney.  The  construction  shows  a  box  cornice,  with  the  gutter  cut 
into  the  ends  of  the  rafters,  at  the  edge  of  the  eaves  and  lined  with 
galvanized  iron.  This  is  a  "concealed"  gutter,  having  alternately 
open  and  closed  sections  and  Ij4  by  J^  by  12-inch  iron  straps  set 
36  inches  on  centers.  The  rafters  are  2  by  10  inches  in  section, 
set  16  inches  on  centers  and  are  covered  with  the  Ludovici  inter- 
locking Spanish  tiles  set  on  the  "shiplap"  roof-boarding. 

Fig.  267  shows  the  construction  of  a  wooden  cornice  and  the 
method  of  anchoring  and  tying  it  to  the  reinforced-concrete  roof- 
rafters  on  the  house  designed  by  Grenville  T.  Snelling  for  Mr. 
John  E.  Berwind,  at  Bridgehampton,  N.  Y.  The  general  construc- 
tion of  this'  work  is  according  to  the  system  of  the  New  York 
Holding  and  Construction  Company.  (See  also  Fig.  174.)  The 
reinforced-concrete  roof-rafters  are  set  3  feet  6  inches  on  centers 
and  into  each  one  of  these  is  built  a  2J/2  by  33/2-inch  angle-iron, 
securely  anchored  to  it  by  means  of  a  J^-inch  bent  reinforcing-bar. 
To  each  one  of  these  angle-iron  lookouts,  a  bracket,  composed  of 
a  2  by  8-inch  rafter,  a  3  by  8-inch  hanger-piece  and  a  3  by  4-inch 
strut  against  the  wall,  is  securely  bolted.  To  the  under  side  of 
these  brackets  two  4  by  4-inch  plates  are  firmly  nailed.  These 
latter  are  incised  into  the  3  by  8-inch  hanger-piece.  It  is  to  these 
4  by  4-inch  plates  that  the  ornamental  wooden  cornice-brackets  are 
bolted,  as  shown.  The  roof-sheathing  is  nailed  horizontally  to  the 
upper  side  of  the  rafters  of  the  roof-brackets  and  the  sealing  of 
the  soffit  of  the  cornice  is  nailed  to  the  under  side  of  the  plates  and 
the  toe  of  the  rafters.  The  "Rutty"  wall-plugs,  placed  at  convenient 
intervals  in  the  joints  of  the  wall-tiles,  provide  nailing-surfaces  for  a 
horizontal  strip  to  which  the  finished  architrave  planceer-boards 
are  nailed. 

Fig.  268  shows  the  details  of  the  roof-construction  at  the  eaves  of 
a  building,  the  walls  of  which  are  constructed  of  the  "Natco"  hollow 
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tiles.*  The  drawing  shews  the  constructional  relation  between  the 
tiles,  rafters,  ceiling-joists,  walUplates,  window-head,  etc.  A  wooden 
plate  is  laid  on  the  wall-tiles  to  receive  the  joists  and  rafters  and  is 


Fig.  j68.     Root-Condruciion  at  EavM  on  Walls  of   "Nilco"  Till, 

bolted  to  the  concrete-filled  portion  of  the  tiles,  as  shown.  Over  the 
window-openings,  where  the  tiles  form  a  lintel,  a  steel  reinforcing- 
rod  is  placed  in  one  or  more  concrete-filled  tile-sections. 

176.  WOODEN  CORNICES  FOR  CHEAP  BRICK  OR 
STONE  BUILDINGS.t  Figs.  269,  270  and  271  show  a  number 
of  examples  of  wooden  -cornices  for  sheds,  stables,  factories  and 
various  heavy  structures  for  different  purposes. 

In  designing  cornices  for  buildings  of  this  character,  the  architect 
or  draughtsman  first  takes  into  consideration  the  amount  of  water 
to  be  carried  off  and  the  size  of  cornice  that  will  present  the  best 
appearance.  The  sizes  generally  used  are  shown  in  the  illustra- 
tions. The  details  of  the  construction  of  the  cornices  are  pre- 
sented to  give  the  reader  a  general  idea  of  how  they  are  built. 
There  are  very  many  designs  and  methods  of  construction,  but  those 
shown  are  very  commonly  used.  The  drawings  show  the  cornices 
at  the  low  points  of  the  gutters  where  the  leaders  would  be  con- 
nected. There  are  numerous  methods  of  making  these  connections 
and  these  details  can  be  left  to  any  reliable  metal-man  or  plumber. 

In  most  of  the  illustrations  of  Figs,  269,  270  and  271  it  will  be 

*  Made  by  the  National  Fircproolinc  Co.,  Piliiburg,  Pa. 

t  The  illuitiationa  and  matter  relating  to  tbeK 
perini»ian  from  the  Davit)  Williams  Companj', 
Cordon  Dempiey,  in  tbe  "Building  Agt." 
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noticed  that  at  the  bottom  of  the  fascia-boards  there  is  a  slight  angle 
in  the  cut.  This  detail  is  introduced  to  prevent  any  water  which 
has  blown  against  or  flowed  over  the  cornice  from  running  onto  the 
rafters  or  over  the  brick  wall.  The  water  that  runs  over  the  edge 
of  the  roof  will  drip  off  there  at  the  bottom  of  the  fascia-board.  If 
all  the  water  does  not  drip  oflf  at  the  end  of  the  gravel-strip,  it  will 
drip  off  in  the  saaie  way  and  not  run  onto  the  rafter  nor  against  the 
brickwork  of  the  building. 

In  some  of  the  examples  where  slag  roofing  is  used,  the  "gravel- 
strip"  should  more  properly  be  called  a  "slag-strip" ;  but  the  name 
"gravel-strip"  is  used  to  designate  this  particular  piece  of  flashing 
where  either  kind  of  roofing  is  used.  The  gravel-strip  is  placed  on 
inclined  roofs  to  keep  the  slag  or  gravel  from  rolling  off  and  also 
to  form  a  finish  to  conceal  the  ragged  ends  of  the  roofing.  It  can 
be  made  of  copper,  tin,  galvanized  iron  or  any  metal  desired,  and 
ts  fastened  with  small  nails  to  the  outside  of  the  cornice.  On  the 
inside  of  the  gutter  two  layers  of  felt  are  laid  and  the  flashing  is 
nailed  on  top  of  these  and  covered  With  three  additional  layers. 

The  under  side  of  the  ends  of  the  rafters  or  "lookouts"  which 
project  beyond  the  brick  wall  are  cut  in  many  different  ways.  As 
a  rule  it  is  cut  to  correspond  with  the  angle  of  the  mold.  The  one- 
quarter  round  or  "cove,"  shown  in  the  figures,  is  used  to  cover  up 
any  unevenness  in  the  brickwork.  It  serves,  also,  as  a  wind-stop  to 
prevent  drafts  over  the  top  of  the  brickwork. 

The  figures  have  been  arranged  in  four  classes:  i,  cornices  with 
outside  conductors;  2,  cornices  with  inside  conductors;  3,  cornices 
with  hanging  gutters ;  4,  cornices  with  simply  an  overhang.     Types 

1  to  9  (Figs.  269  and  270)  inclusive,  have  the  outside  conductors; 
Types  10  to  13  (Figs.  270  and  271)  inclusive,  the  inside  conductors; 
Types  14  to  16  (Fig.  271),  the  hanging  gutters;  and  Types  17  and 
18  (Fig.  271),  overhang  without  gutters. 

Type  I  (Fig.  269)  shows  a  type  of  construction  employed  very  largely  with 
double  roofs.  The  blocking  is  cut  to  the  required  angle  from  pieces  about  2 
inches  thick,  spaced  from  16  tp  24  inches  on  centers.  The  blocking  is  gen- 
erally made  about  2  inches  thick,  but  almost  any  thickness  that  will  meet  the 
requirements  can  be  used. 

Type  2  shows  a  cornice  for  a  roof  having  a  single  thickness  of  roof-planks. 
The  construction  here  is  somewhat  the  same  as  in  Type  i. 

Type  3  shows  a  cornice  in  which  no  fascia-board  is  used.  A  larger-sized 
crown-mold  is  used  than  in  Type  2,  but  this  should  be  made  to  suit  the  neces- 
sary height  of  the  cornice.  By  Jetting  the  pjank  extend  to  the  outside  of  the 
mold,  as  in  Type  5,  a  smaller  mold  can  be  used. 

Type  4  shows  a  cornice  for  a  steeper  roof.    The  roof-planks  project  about 

2  inches  beyond  the  ends  of  the  rafters.    These  planks  could  be  cut  off 
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even  with  the  ends  of  the  rafters  and  the  fascia-boards  nailed  on,  giving  a 
very  different  appearance. 

Type  5  shows  another  cornice  for  a  steep  roof.  The  blocking  in  this  case 
is  fastened  on  the  lookouts.  The  roof-planks  are  extended  to  the  ends  of 
the  blocking  and  the  mold  placed  under  and  nailed  to  it.  This  method  of 
placing  the  maid  gives  a  large,  straight  piece  at  the  top  of  the  cornice.  It 
is  in  very  common  use. 

Type  6  shows  the  roofing-planks  extending  12  inches  beyond  the  face  of 
the  wall  to  form  the  overhang  on  which  the  cornice  is  constructed.  This 
overhang  can  be  varied,  for  the  sake  of  appearance,  to  suit  the  building. 
On  a  steep  roof  care  should  be  taken  in  designing  the  cornice  at  the  high 
point  to  make  the  rise  in  the  gutter  great  enough  to  keep  the  water  from 
running  over  it. 

Type  7  (Fig.  270)  shows  a  cornice  with  the  lookouts  and  blocking  closed 
in.  This  presents  a  very  good  appearance  when  the  dimensions  or  "scale" 
correspond  with  that  of  the  building  itself.  This  type  of  cornice  may  be 
greatly  varied  by  changing  the  details  of  the  finish. 

Type  8  shows  a  gutter  formed  by  using  a  3  by  4-inch  piece  with  its  upper 
comers  rounded.  The  rounded  corners  are  intended  to  give  a  better  form 
for  the  flashing.  The  height  of  the  strip  varies  with  the  area  and  pitch  of 
the  roof.  When  covered  with  good  flashing-material  this  type  of  gutter  will 
last  a  long  time.  It  can  be  used  with  inside  conductors  by  changing  the 
position  of  the  3  by  4-inch  strips. 

Type  9  shcrws  another  type  of  gutter  well  adapted  for  buildings  with 
moderately  steep  roofs.  It  is  strongly  constnicted  and  covered  with  the 
roofing  and  is  as  strong  as  the  roof  itself.  Although  types  8  and  9  are 
not  much  used,  they  give  as  good  if  not  better  service  than  some  of  the 
others. 

Type  10  shows  the  cornice  gf  a  double  roof  planned  for  an  inside  conductor, 
the  finish  being  simi4ar  to  that  of  Type.i  (Fig.  269).  It  is  much  used  by 
architects  and  builders  and  is  very  strong. 

Type  II  is  another  style  of  cornice  for  an  inside  conductor.  No  fascia- 
board  is  used  to  make  up  the  finish.  It  will  be  noticed  that  the  mold  is  placed 
slightly  higher  up,  allowing  more  of  the  rafter  to  be  seen  and  making  the 
height  of  the  cornice  greater. 

Type  12  shows  a  construction  similar  to  that  employed  in  Type  9,  except  that 
it  is  used  with  an  inside  conductor. 

Type  13  (Fig.  271)  is  for  an  inside  conductor,  the  construction  being  similar 
to  that  in  Type  7  (Fig.  270).    The  height  of  the  cornice  however  is  greater. 

Type  14  shows  a  semicircular  hanging  gutter  of  the  most  popular  form. 
Straps  spaced  about  from  16  to  24  inches  on  centers  are  fastened  to  the 
gutter,  as  shown  in  the  figure  and  serve  to  reinforce  it.  The  area  of  the 
roof  and  the  amount  of  water  to  be  carried  govern  the  size  of  these  gutters. 
The  gravel-strip  is  formed  as  a  part  of  the  gutter. 

Type  15  shows  a  hanging  gutter  to  be  used  with  an  asbestos-shingle  roof. 
The  shingles,  or  slates  if  used  instead,  are  allowed  to  project  from  ^  to 
^  of  an  inch  over  the  inside  edge  of  the  gutter  thus  allowing  the  water  to 
drip  in.    The  straps  shown  on  the  gutter  are  used  for  the  purpose  of  re- 
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inforcing  it.  If  a  felt-and-gravel  roof  is  used  instead,  the  gravel-strip  is 
formed  as  part  of  the  gutter. 

Type  16  shows  a  square  gutter  used  with  a  roof  of  a  different  design 
than  that  shown  in  Types  14  and  15.  This  design  and  mode  of  construction 
are  much  used  on  the  ends  of  "saw-tooth"  roofs.  When  the  mold  is  placed 
under  the  gutter  a  good  Rnish  results.  The  maid  can  be  dispensed  with 
and  the  ^-inch  white  pine  pieces  run  up  to  the  roofing-planks. 

Types  17  and  18  show  types  of  overhangs  without  gutters  and  they  may  be 
varied  to  suit  different  designs  and  conditions.  For  example,  in  Type  17  both 
the  crown-molds  and  fascia-boards  may  be  left  off,  or  the  planks  may  project 
2  or  3  inches  beyond  the  edge  of  the  rafters  and  the  mold  placed  there.  With 
the  design  shown  in  Type  18  a  number  of  modifications  are  possible,  such  as 
cutting  off  the  8  by  lo-inch  timber  at  the  end  of  the  6  by  8-inch  piece  and  not 
using  a  mold;  or  using  a  mold  or  fascia-board  alone. 

3.    CONDUCTORS,  LEADERS  OR  DOWN-SPOUTS. 

177.  WOODEN  CONDUCTORS.  The  pipes  which  conduct 
the  water  from  the  gutters  to  the  ground  or  drains  are  called  "con- 
ductors," "leaders"  or  "down-spouts,"  the  first  term,  probably,  being 
in  more  common  use  than  the  others.  In  the  New  England  States, 
and  possibly  in  some  others,  wooden  conductors  are  often  used  on 
dwellings,  but  in  most  localities  metal  conductors  alone  are  used. 


Fig.    27a.     Stearns*   Patent   Cypress        ^gL    ff  ^^ 

Conductor    and    Malleable    Wall-  ^^^^Sgr 

Iron. 

The  wooden  conductors  used  in  New  England  are  made  of  two 
semicylinders  of  wood,  about  ^  of  an  inch  thick  and  grooved  and 
splined  at  the  edges.  These  semicylinders  are  cut  from  the  hollow 
portion  of  wooden  gutters,  so  that  the  material  costs  practically 
very  little.  They  are  made  of  white  pine  or  cypress,  the  latter 
wood  being  by  far  the  more  durable,  and  vary  from  i>4  to  4  inches 
in  inside  diameter.  They  are  usually  painted  the  same  color  as 
the  trimmings  of  the  house.  The  illustration,  in  Fig.  272,  shows 
a  section  of  a  patented  conductor,*  in  three  pieces,  with  wall-iron 
attached.    With  the  exception  of  the  danger  of  splintering,  caused 

*Made  by  The  A.  T.  Steams  Lumber  Company,  Boston,  Mass. 
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by  the  water  choking  them  up  and  freezing,  cypress  conductors 
are  fully  as  durable  as  galvanized-iron  pipes  and  much  more  durable 
than  tin  pipes.  These  conductors  may  be  finished  at  the  tc^  by 
wooden,  molded  caps,  turned  and  nailed  to  them.  At  the  bottom 
they  are  usually  cut  off  "square,"  about  12  inches  above  the  ground. 
If  they  are  to  be  connected  with  the  drain,  the  lower  end  may  be 
inserted  in  a  piece  of  iron  soil-pipe. 

Fig.  273  *  shows  one  method  of  applying  cypress  conductors  and 
gutters  or  eave-troughs  to  buildings.     The  drawings  show  the  con- 


^nttr. 


Fig.  i 


C7prc»  Conductor 


structional  relation  between  the  studs,  rafters,  wall-plates,  box 
cornice,  wooden  eave-trough  or  gutter,  lead  goose-neck  and  conduc- 
tor. Details  are  shown,  also,  of  the  construction  of  the  gutter,  in- 
cluding the  sheet-lead  lining  bedded  in  elastic  cement,  and  the 
manner  of  splicing. 

178.  METAL  CONDUCTORS.  These  are  usually  made  of 
galvanized  steel  or  galvanized  ingot-iron,  although  tin  is  sometimes 
used  on  buildings  of  very  moderate  cost  and  copper  on  public 
buildings  and  the  best  class  of  private  buildings. 

Tin  conductors  are  soon  eaten  through  by  rust  and  are  not  at  at! 
economical  in  the  long  run ;  they  are  also  easily  dented. 

Copper  is  the  most  durable  of  all  materials  for  this  purpose,  and 
should  be  used  when  the  rest  of  the  construction  warrants  the  ex- 

■  Thne  4niriiic>  arc  refit«4ttc«d  ttarough  th«  courteir  of  the  A.  T.   Stnnu  Lumber 
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pense.  For  the  relative  cost  of  galvanized  ironwork  and  copper- 
work,  see  Art.  173. 

Galvanized  iron  must  be  kept  painted  in  order  to  be  durable. 
If  made  of  suitable  thickness  it  is  not  easily  dented.  For  ordinary 
conditions,  No.  27  iron  is  sufficiently  heavy;  but  when  a  pipe  is 
exposed  to  hard  usage,  No.  22  or  No.  20  iron  should  be  used.* 
Copper  conductors  are  usually  made  of  from  14  to  20-ounce  cold- 
rolled  copper.f  With  both  metals  the  joints  should  be  soldered 
and  riveted.  Metal  conductors,  \vhether  of  galvanized  metal  or  of 
copper,  may  be  round,  octagonal  or  rectangular  in  section;  but 
should  provide  for  expansion  in  case  the  water  freezes  in 
them  as  it  often  does.  A  corrugated,  round  pipe  makes  an  excel- 
lent conductor  and  the  square  or  octagon  forms  allow  some  expan- 
sion; a  plain,  round  pipe,  however,  allows  none.  Plain  and  cor- 
rugated, round  and  rectangular  pipes  are  carried  in  stock  in  many 
cities;  but  it  costs  but  little  more  to  have  the  pipes  made  to  order 
and  some  metal-workers  make  their  own  conductor-pipes.  When 
made  to  order  they  may,  of  course,  be  molded  to  suit  the  architect's 
design. 

Fig.  274  shows  at  ^  a  section  of  one  form  of  pipe  for  specially 
designed  work,  while  the  section  at  B  is  one  of  the  stock  patterns, 
known  in  the  trade  as 


3Mi' 


"square  -  corrugated." 
There  are  also  "round- 
corrugated,"  "plain- 
round"  and  "plain- 
square"  pipes.  Rect-  ^  /^ 
angular-section       con-                       a  b 

ductOrS    generally    look  Fig.  27^     SecUons  of  MeUl  Conductors. 

better       than       those 

which  are  round  and  are,  therefore,  more  often  used  where  a  better 

appearance  is  desired. 

The  stock  sizes  for  metal  conductors  are  ij/i,  2,  2^/^,  3, 
3/^>  4,  5  and  6  inches  for  round  pipes;  2,  3,  4  and  5  inches  for 
square  pipes ;  and  2  by  3,  2  by  4,  2j^  by  4,  3  by  4,  3>^  by  5,  4  by  5 
and  4  by  6  inches  for  rectangular-section  pipes.  The  stock  sizes 
vary  somewhat  for  galvanized-metal  and  copper  pipes  and  some 
of  the  actual  sizes,  such  as  ij4  by  2%,  2j4  by  3^  inches,  etc.,  are 
commonly  termed  "2-inch,"  "3-inch,"  etc.,  pipe.  Special  pipes  may 
be  made  of  any  size. 

Conductors   should  be  secured  to  the  walls  by  malleable-iron 

*The  thickness  of  all  sheet  iron  and  steel  is  measured  by  the  United  States  Standard 
gauge. 

tThe  thickness  of  copper  in  sheets  is  given  by  weight  per  square  foot,  in  fractions  of 
an  inch,  or  by  Stubbs'  or  Brown  &  Sharpe's  gauge. 
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fittings  made  for  the  purpose.  These  are  usually  driven  or  screwed 
into  the  wall  about  5  feet  apart  and  screwed  to  a  wooden  conductor, 
or  wired  to  a  metal  one.     Metal  straps  are  often  used,  as  shown  in 

Fig.  275. 


Fig.  275,  Conductor- 
Head  and  Strap  for 
Metal   Conductor. 


^'■4.*aALV  IRON 
XCAOtR 


Fig.   276.    Conductor-Head  and 
Strap  for  Metal  Conductor. 


179.  CONDUCTOR-HEADS,  CAPS  AND  GOOSE-NECKS. 
On  good  work  metal  conductors  are  usually  finished  at  the  top  with 
ornamental  heads  which  may  be  made  of  various  shapes,  a  common 
one  being  shown  in  Fig.  275.  The  connection  between  a  conductor 
or  conductor-head  and  a  gutter  is  usually  made  by  a  lead  pipe, 
called  a  "goose-neck,"  because  it  is  often  bent  to  that  shape.  For 
3-inch  conductors,  2j4-inch  pipes  should  be  used  and  for  4-inch  con- 
ductors, 3-inch  pipes.  Lead  goose-necks  are  occasionally  used  with 
metal  conductors,  but  more  often  pieces  of  the  conductors  themselves, 
either  straight  (Fig.  265)  or  curved  (Fig.  264,  cast-iron  pipe  for 
inside  conductor),  are  used  to  make  the  connections;  in  fact 
the  author  has  never  seen  a  lead  "goose-neck"  in  the  West. 
When  the  conductors  have  ornamental  caps  the  connecting  pipes 
are  merely  placed  inside  of  the  caps.  The  goose-neck  or  pipe 
should  be  soldered  to  a  tin  or  metal  gutter;  and  generally  a  short 
piece  of  pipe  is  soldered  to  the  gutter  and  the  connecting  pipe  slipped 
over  it.  Fig.  276  shows  the  front  and  side  elevations  of  the  orna- 
mental conductor-heads  for  the  conductors  used  on  the  residence  the 
main  cornice  of  which  is  shown  in  Fig.  266. 

180.  WASTE  FROM  CONDUCTORS.  Wherever  possible 
the  conductors  should  be  connected  with  the  sewer  by  means  of 
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earthenware  drain-pipes,  laid  below  the  frost-line  and  securely 
trapped.     The  trap  should  be  provided  with  a  "clean-out."     When 
the  conductors  cannot  be  connected  with  the  sewer,  dry  wells  filled 
with  stones  may  be  sunk  from  10  to  20  feet  from  the  building  and 
drains   laid   to  them.     For  isolated   dwellings,   troughs  of   stone, 
cement  or  wood,  laid  above  the  ground,  may  be  used  to  carry  the 
water  away  from  the  walls,  but  in 
no  case  should   the   water   from 
the  conductors  be  allowed  to  run 
down  on  the  foundation-walls, 

181.  INSIDE  CONDUC- 
TORS. It  is  often  desirable  and 
sometimes  necessary  to  place  the 
conductors  on  the  inside  of  the 
walls.  In  such  cases  cast-iron 
soil-pipes  4  inches  or  more  in 
diameter  should  be  used  {cast 
iron  does  not  rust  or  corrode  as 
badly  as  wrought  iron)  with 
joints  calked  and  soldered. 
Special  care  should  be  taken  to 
protect  the  pipes  from  frost  and 
if  possible  they  should  be  per- 
fectly straight  and  vertical. 
When  practicable  it  is  good  prac- 
tice to  fur  the  outer  walls  so  that 
the  conductors  may  be  kept  en- 
tirely inside  of  the  wall-ltne. 
When  this  is  not  practicable, 
chaces  or  recesses  should  be  left 
in  the  walls  for  the  pipes,  but 
there  should  never  be  less  than  9 
inches  of  wall  between  a  pipe  and 
the  outer  air ;  and  it  is  advisable 

to  pack  the  space  around  them  ''''•■ '"-.id^e'-^.M^^S^CondHS""^  '"" 
with    mineral    wool.     When    the 

building  is  heated  by  steam  or  hot  water,  steam  or  hot-water  pipes 
may  be  run  up  alongside  the  conductors,  or  Y's  may  be  placed  in  tht 
conductors  in  the  cellar  and  steam  or  hot-water  pipes  connected 
with  them. 

The  upper  end  of  each  conductor  should  always  be  protected  by 
a  galvanized-wire  screen,  to  keep  out  leaves  and  other  solid  sub- 
stances; and,  where  practicable,  a  hand-hole  should  be  provided 
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near  the  top.  Fig.  277  shows  a  detail  for  an  inside  conductor  in  a 
building  designed  by  Frederick  W.  Perkins,  architect.  (See,  also. 
Fig.  264.) 

4.    GABLES. 

182.  GENERAL  CONSTRUCTION  OF  GABLES.  The 
gable-ends  of  the  roof  on  a  wooden  building  are  usually  finished 
to  accord  with  the  design  of  the  eaves.     If  the  latter  have  a  "close" 


\  ,^ 


^"       \ 


Fig.  278.     Mitering  Raking  to  Horizontal  Moldings. 

or  "box"  finish,  a  similar  finish  is  carried  up  on  the  "rake"  of  the 
gables.  When  a  box  finish  is  used  for  the  eaves,  the  "raking 
cornice"  is  usually  boxed  out  to  correspond.  Raking  moldings  of 
the  same  section  as  the  eave-moldings  will  not  miter  truly  at  the 
intersection,  that  is,  if  the  eave-moldings  are  "plumb" ;  and  to  make 
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i.  proper  intersection  the  raking  moldings  should  be  worked  to  fit 
the  eave-mol dings,  as  shown  in  Fig.  278. 

The  correct  profile  of  the  raking  molding  is  obtained  by  drawing 
lines  parallel  to  the  pitch  of  the  roof  from  the  angles  of  the  eave- 
moldings,  and  making  the  projections  A',  B',  etc.,  of  the  same  length 
as  the  corresponding  projections  A,  B,  of  the  eave-moldings,  A 
molding-profile  obtained  by  this  method  does  not  miter  exactly  but  it 
gives  the  best  results  possible.  When  the  eave-moldings  are  set  at 
right-angles  to  the  roof-surface,  as  shown  in  Fig.  283,  the  raking 
moldings  of  the  same  section  will  miter  perfectly.  Moldings  set  in 
that  way,  however,  do  not  look  as  well  as  when  they  are  vertical. 

In  buildings  of  "classical"  or  Renaissance  design,  the  cornice, 
with  the  exception  of  the  cymatium  or  crown-mold  and  upper  fillet, 
is  carried  horizontally  across  the  end  of  the  building  and  the  raking 
cornice  finishes  on  it.  In  colonial  work,  and  particularly  on  build- 
ings with  gambrel  roofs,  the  cornice  was  often  "returned"  a  short 


Fig.  179.     Cable-End  Flniih  on  Returned  Cornice. 

distance,  at  the  gable-ends,  to  make  a  stop  for  the  gable-finish,  as 
shown  in  Fig.  279,  and'this  method  is  still  often  followed. 

The  correct  method  of  returning  the  cornice  under  a  gable  is 
that  shown  at  A;  but  the  incorrect  method  shown  at  B  has  often 
been  used  on  wooden  buildings.  The  upper  surface  of  the  return 
is  set  on  a  beve!  and  is  often  covered  with  metal. 

The  gable-finish  when  boxed  is  supported  by  spiking  lookouts  to 
the  wall,  2  or  3  feet  apart,  and  nailing  a  plank  to  their  outer  ends, 
as  shown  in  Figs,  283  and  285.  The  roof-boarding  and  moldings 
are  then  nailed  to  the  outer  plank  and  the  planceer  or  soffit  is  nailed 
to  the  under  side  of  the  lookouts. 
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When  the  construction  of  the  cornice  leaves  the  rafter-ends  ex- 
posed, the  gable-ends  are  usually  finished  either  with  ornamental  raft- 
ers, projecting  i6  or  more  inches  from  the  wall,  as  in  Fig,  280,  or  with 
"verge-boards"   or   "barge-boards."     The  ornamental   rafters  may 
be  supported  by  heavy  brackets 
at  the  bottom  and  by  the  ridge 
at  the  top,  or  by  lookouts ;  they 
are  often  used  together,   as  in 
Fig.    280,    the    lookouts    being 
tenoned  and  pinned  to  the  outer 
rafters.     (See.  also,   Art.   183.) 
183.    VERGE-BOARDS  OR 
BARGE-BOARDS.  Verge- 

boards,  sometimes  called  "barge- 
boards,"  are  almost  invariably 
used  on  frame  buildings  of  the 
English  Gothic  or  Tudor  styles 
of  architecture,  and  they  may  be 
used  with  almost  any  style  of 
finish  except  the  classical. 

They  are  often   highly  orna- 
mented   by    carving    or    panel- 
work,    although    they    are    fre- 
quently made  plain,  with  cham- 
fered   edges.    They    should    be 
made  at  least   1%   inches  thick 
when  the  panel-molds  are  "plant- 
Fig.  aSo.    omamentai  Gsbie-End.  ed"  on,  and  not  less  than   ij^ 
inches    thick    when    carved    or 
chamfered.    When  more  than  12  inches  wide  they  should  be  framed 
for  regular  panel-work  with  ij^-inch  rails  and  stiles. 

Verge-boards  are  applied  and  supported  in  many  ways,  some  of 
the  more  common  methods  being  shown  in  Figs.  281  to  286.  With 
open  eaves  the  verge-boards  are  generally,  although  not  always, 
supported  at  the  lower  end  by  wooden  brackets,  which  also  serve 
to  stop  the  gable-moldings,  or  belt-courses,  as  shown  in  Figs.  280 
and  282,  the  brackets  being  used  more  as  stops  for  the  gable-finish 
than  as  actual  supports. 

With  an  eave-finish  like  that  shown  at  A,  Fig.  283,  with  the 
soffit  of  the  eaves  and  raking  cornice  in  the  same  plane,  the  verge- 
boards  may  be  supported  without  brackets,  as  shown  in  section  C, 
in  which  case  the  belt-courses  on  the  gable  should  be  placed  above 
the  point  E,  unless  they  are  to  be  carried  around  the  sides  of 
the  building.    The  wall  under  the  soffit  should  be  finished  with  a 
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board  to  correspond  with  the  fascia  under  the  eaves.     The  projec- 
tion of  vei^e-boards  is  seldom  less  than  14  inches. 
Fig.  284  shows  a  rather  peculiar  method  of  stopping  the  verge- 


rig.  181.     Verge- Boards,  or  Bargc.Boardi. 

boards  with  "close"  eaves.  A  ledge,  or  shelf  is  formed  to  close  the 
lower  end,  as  shown  in  the  enlarged  detail,  Fig.  285,  the  eave-mold- 
ings  being  returned  under  it,  to  form  a  belt-course.  Fig.  286  shows 
a  very  similar  construction  used  in  connection  with  a  horizontal 
soffit  under  the  eaves ;  in  this  case  it  is  the  only  suitable  method  of 
stopping  the  verge-board.  The  top  of  the  ledges  or  shelves  shown 
in  these  figures  should  be  pitched  outward  and  covered  with  tin, 
zinc  or  copper.     (See,  also.  Art  182.) 

184.  GABLES  ON  BRICK  OR  STONE  BUILDINGS.  On 
brick  and  stone  buildings  of  a  public  or  enduring  character  and  on 
all  city  buildings,  the  gable-walls  are  generally  carried  above  the 
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roof  and  coped  with  stone  or  terra-cotta;  but  on  dwellings  not 
within  the  fire-limits  the  gables  are  usually  finished  in  the  same 


manner  as  on  wooden  buildings,  the  lookouts  which  support  the 
raking  cornices  being  built  into  the  brickwork  or  stonework. 
Wooden  cornices  are  much  less  expensive  than  stone  or  terra-cotta 


Fig.  aS;)-     Verge-Boirdt  Without  Bracket- Supports. 

cornices  or  copings,  and  on  suburban  residences  they  seem  more 
appropriate  and  sufficiently  durable.  A  plank  should  be  bolted  to 
the  top  of  the  wall  to  receive  the  sheathing  and  to  stay  the  wall. 
If  the  finish  is  very  deep  it  will  be  necessary,  also,  to  build  into 
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the  wall  at  intervals,  "bond-timbers"  or  wooden  bricks,  to  which  the 
finish  may  be  nailed. 

Fig,  288  *  shows  some  of  the  details  of  construction  of  the  gable 
over  the  entrance  of  the  stable 
of  Mr,  Alexander  Simpson, 
Jr,,  at  Merion,  Pa.,  designed  by 
Walter  F.  Price.  Detail  c 
shows  the  front  elevation  of 
the  projecting  half-timber  ga- 
ble; detail  /,  the  section 
through  wall  and  cornice  and 
the  side  elevation  of  lower  part 
of  gable;  detail  a,  the  vertical 
section  through  the  gable  and 
entrance;  detail  b,  the  section 
through  the  gable,  raking  cor- 
nice;     and      details      e     and      d.        Fig.   384.     Verge-Board  Finish  witb  now 

the  sections  through  the  band-  ^'"'"- 

courses  respectively  over  and  under  the  gable-door. 

The  sheathing  and  roof-boards  are  of  hemlock,  lined  with  sheath- 


"Fit.  tii.     Deltil  o(  V«rge-Bairdl  Shown  in  Fig,  184. 
peiminlon  from  "Building  DclaiJi,"  Frank  U.  Snyder. 
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ing-paper.  The  rafters,  joists,  flooring  and  other  wood  finish  are 
of  yellow  pine.  The  roofs  are  covered  with  Mathew's  unfadii^ 
red  slate,  laid  8  inches  to 
the  weather.  The  hips, 
ridge  and  valleys  are 
flashed  with  tin.  The  ex- 
terior plaster-work  is  on 
spruce  lath,  the  first  coat 
consisting  of  lime,  hair 
and  sand,  the  second  coat 
of  cement,  lime  and  sand 
and  the  third  coat  of  fine 
gravel  and  cement  grout, 
colored  buff  with  ochre 
and  "cast  in"  while  the 
second  coat  was  wet.  The 
gutters  are  s-inch  hanging 
gutters,  as  shown. 

5.    WATER-TABLES,    CORNER-BOARDS    AND    BELT- 
COURSES. 

185.  WATER-TABLES.  At  the  bottom  of  all  wooden  walls 
and  just  above  the  masonry  walls  there  should  be  an  offset  or 
water-table  to  throw  the  water  which  runs  down  the  walls  away 
from    the    masonwork.    Fig.    287 

shows  a  section  of  water-table 
which  is  much  used  and  which 
answers  every  purpose.  The  flash- 
ing shown  is  often  omitted,  as  it  is 
not  necessary  when  the  siding  is 
tightly  fitted  to  the  board  b. 

Very  often,  when  stone  walls  are 
used  for  the  underpinning,  the 
wooden  sill  is  placed  3  or  4  inches 
in  from  the  face  of  the  wall,  thus 
changing  the  amount  of  the  projec- 
tion  of   the   water-table ;   but   the 

construction  is  essentially  the  same.       ''''■   "'■    "^ffin""   '"   ^'"" 
(See,  also.  Fig.  149.) 

186.  CORNER-BOARDS.  When  a  wooden  wall  is  covered 
with  siding  or  clapboards,  it  is  necessary  to  finish  all  the  angles 
of  the  building  with  boards,  put  on  vertically,  against  which  the 
siding  or  clapboards  may  finish.    These  boards  are  called  "corner- 
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boards,"  and  when  plain  are  usually  from  4  to  5  inches  wide  at 
external  angles,  and  2  or  3  inches  wide  at  internal  angles.     On 


Fig.  388.    Dctalli  of  Gable  over  Stable  EMtance.  Merlon,  Pa. 

"colonial"  houses  the  comer-boards  are  frequently  made  in  the 
shape  of  pilasters,  from  10  inches  to  18  inches  wide  and  i^i  inches 
thidc    When  the  walls  are  shingled,  comer-boards  are  not  needed 
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and  are,  therefore,  seldom,  if  ever,  used.  Sometimes  the  siding 
or  clapboards  are  mitered  at  the  comers  and  in  this  case  comer- 
boards  are  omJt'.ed. 

187  BELT  COURSES.  Wooden  belt-courses  are  frequently 
placed  on  the  walls,  or  across  the  gable-ends  of  wooden  buildings 
and  occasionally  on  brick  buildings.  These  courses  are  generally 
built  up  of  thin  stuff,  as  shown  in  Figs.  282  to  285,  etc.,  nailed  to 
fornu  or  furring-blocks,  which  are  nailed  to  the  sheathing  of  frame 
houses,  or  to  the  bond-timbers  or  lookouts  laid  up  in  the  walls  of 


i 


rig.  iSg.    Trpes  of  Wooden   Water-Tablet. 

brick  houses.  They  are  constructed  in  many  forms  to  suit  various 
designs,  but  the  upper  surface,  when  exposed,  should  always  pitch 
outward  so  that  water  will  run  off  freely,  a  good  drip  being  provided 
at  the  outer  edge.  The  point  where  the  top  surface  joins  the  wall 
should  be  flashed  with  tin,  lead,  zinc  or  copper  pieces,  about  4  inches 
wide.  Very  often  the  entire  top  surface  is  covered  with  tin  or  zinc 
On  shingled  walls  the  shingles  are  usually  brought  out  over  the  belt- 
course,  as  in  Fig.  285,  in  which  case  flashing  is  not  required.  Fig. 
289  shows  various  types  of  belt-courses  below  shingling.  Sections  b 
and  c  are  for  frame  walls  above  brick  or  stone  walls  and  could  be 
used  either  as  belt-courses  between  stories  or  as  water-tables.  The 
details  show  the  general  methods  of  construction. 
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188.  FALSE  HALF-TIMBER  WORK.  Fig.  290  shows  vari- 
ous details  of  "false"  or  "sham"  half-timber  construction.  The 
timbers  are  usually  from  4  to  12  inches  in 
width,  I,  iJ4,  i}i  or  2  inches  in  thickness 
and  are  often  left  rough.  The  timbers  pro- 
ject from  }i  of  an  inch  to  i  inch  from  the 
face  of  the  plaster,  which  is  usually  applied 
on  woven  wire,  metal  lath  or  plaster-board. 
(See,  also,  Art.  193.) 
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Fig.  390.     Details    of    Sham, 
Half-Timber    Construction. 


6.    COVERING  OF  OUTSIDE 
STUD-WALLS. 


189.  CLAPBOARDS.  The  walls  of 
wooden  buildings  are  usually  covered  with 
clapboards,  siding  or  shingles.  In  most 
localities  it  costs  less  to  cover  a  wall  with 
siding  or  clapboards  than  with  shingles  and  hence,  when  the  cost  is 
an  important  item,  siding  is  generally  used.  When  of  good  material 
and  properly  used,  siding  or  clapboards  make  good  and  durable 
wall-coverings ;  and  many  persons  prefer  them  to  shingles. 

"Clapboards,"  in  the  strict  use  of  the  term,  are  a  peculiar  product 
of  the  New  England  States,  especially  of  Maine;  and  the  author 
has  never  heard  of  their  manufacture  in  other  localities,  unless  it 

be  in  the  Canadian  provinces.    The 

J  clapboards  made   in   Maine  are  4 

feet  long,  6  inches  wide,  J/$  an  inch 

\  j\     thick  at  the  butt  and  about  ]^  of  an 

jnch   thick   at   the   other   edge,   a 

cross-section  resembling  that  of  the 

beveled  siding  shown  in  Fig.  291. 

-    These  clapboards  are  cut  from 

the  log  by  a  circular  saw,  which 

cuts  from  the  circumference  to  the 

ii  j  I    .  I  center,  the  log  being  hung  as  if  in 

aJI  1  LnJ  i  Lr  i  Lr  ^  lathe  and  revolved  the  proper  dis- 
tance every  time  the  saw  takes  off  a 
board.  Every  board  being  per- 
fectly quarter-sawed,  there  is  very 
little  shrinkage  or  warping.  When  covering  a  building  with  clap- 
boards the  New  England  carpenters  begin  at  the  top  and  work  down, 
as  in  this  way  the  clapboards  can  be  laid  much  faster  and  with  much 
less  expense  in  staging.  Clapboards  should  be  free  from  knots  or 
sap  and  should  be  closely  butted  at  the  end-joints.    The  best  Eastern 
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clapboards  are  made  of  white  pine,  although  more  clapboards  are  now 
made  of  spruce,  and  even  hemlock  clapboards  are  sometimes 
seen. 

190.  SIDING.  Outside  of  the  New  England  States  "siding'' 
is  used  instead  of  clapboards  for  wall-covering,  and  it  is  also  com- 
ing into  use  in  some  portions  of  New  England.  The  common  siding 
has  a  section  similar  to  that  of  clapboards,  but  is  somewhat  thicker. 
It  is  sawed  from  the  log  in  the  same  manner  as  boards,  in  lengths 
of  from  10  to  16  feet.  The  ordinary  siding  is  not  quarter-sawed. 
Some  of  the  advantages  siding  possesses  over  clapboards  are  the 
usually  smaller  waste  in  cutting,  the  avoidance  of  short  splicing 
and  the  fewer  joints.  The  common  beveled  siding  is  applied  in 
the  same  way  as  clapboards,  working  from  the  top  downward. 
The  end  joints  should  be  carefully  butted  and  for  the  best  work 
the  ends  should  be  dipped  in  white  lead  and  oil  and  should  come 
over  a  stud.  Six-inch  siding  or  clapboards  are  usually  laid  with 
an  exposure  of  4^/^  inches  to  the  weather.  In  some  localities 
beveled  siding  is  furnished  in  4,  5  and  6-inch  widths,  but  6  inches 

is  the  ordinary  width,  the  common  section  being 
that  shown  in  Fig.  291. 

In  Boston,  and  possibly  elsewhere,  a  rebated 
siding,  such  as  is  shown  at  B,  Fig.  292,  is  carried 
in  stock.  One  advantage  of  rebated  siding  is 
that  nails  pass  through  only  one  piece  of  siding, 
and  in  case  of  shrinkage  there  is  no  danger  of 
splitting  as  there  is  when  the  nails  pass  through 
two  pieces,  as  shown  at  ^.  It  is  claimed,  also, 
that  rebated  siding  makes  tighter  joints,  that  it 
can  be  laid  more  rapidly  and  with  greater  ac- 
curacy ;  and  that  it  lies  close  to  the  boarding,  thus 
preventing  any  danger  of  splitting.  The  rebate 
is  ^  of  an  inch  deep,  5-inch  siding  showing  45^ 
inches  to  the  weather. 

Besides  the  beveled  siding  various  styles  of 
molded  siding,  usually  called  "drop  siding"  or 
"novelty  siding,"  as  shown  in  Fig.  291,  are  used. 
These  are  made  from  J^-inch  boards  and  have 
only  about  ^  of  an  inch  "lap"  or  "cover."  Such 
siding  could  be  "stuck"  to  order  at  a  slight  ad- 
ditional expense. 

The  most  durable  woods  for  siding  or  clap- 
boards are  cedar,  cypress  and  redwood.    Red- 
wood   is    little    used    in    the    Middle    Atlantic    States    as    it 
decays  too  rapidly  there.     Next  to  these  woods  soft  pine,  Doug- 
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las  fir,  larch,  or  spruce  make  the  best  siding.  The  harder 
pines  are  too  brittle  for  beveled  siding,  as  they  split  in  nailing. 
Clear  spruce  is  very  largely  used,  but  is  not  as  durable  as  the 
woods  above  mentioned.  The  best  siding  is  quarter-sa\fred 
and  there  are  generally  first  and  second  qualities,  not  quarter- 
sawed,  the  second  quality  usually  containing  more  or  less  sap  and 
in  spruce  a  few  small  knots.  Siding  is  often  nailed  directly  to 
the  studs,  the  sheathing  or  boarding,  especially  in  the  Western 
States,  being  omitted;  but  this  should  never  be  done  except  on 
summer-cottages.  A  building  covered  in  this  >vay  is  apt  to  be 
cold  in  winter  and  hot  in  summer  and  also  much  less  rigid. 

191.  WALL-SHINGLING.  Previous  to  about  the  year  1880 
clapboards  or  siding  appear  to  have  been  considered  the  only  suit- 
able coverings  for  the  walls  of  frame  buildings  of  any  pretensions. 
With  the  advent  of  the  modern  country-house,  however,  shingles 
came  rapidly  into  favor  for  covering  the  walls  of  dwellings  and 
even  of  public  buildings,  when  of  frame,  many  dwellings  being 
completely  covered  with  shingles  from  sill  to  ridge. 

The  choice  of  shingles  or  siding  for  wall-covering  is  generally 
determined  by  the  architectural  design.  As  a  rule,  it  costs  a  little 
more  to  shingle  a  wall  than  to  cover  it  with  beveled  siding  or  clap- 
boards, but  the  difference,  usually,  is  not  a  very  big  item.  Walls 
covered  with  shingles  undoubtedly  offer  greater  resistance  to  heat 
and  cold  than  do  those  covered  with  clapboards,  because  when 
shingles  are  used  there  are  usually  three  thicknesses  at  all  points, 
while  when  siding  is  "used  there  is  practically  but  one  thickness. 

Another  reason,  aside  from  the  requirements  of  design,  why 
shingles  have  been  so  much  in  favor  as  a  covering  for  country  and 
suburban  buildings  is  that  they  are  particularly  adapted  to  the 
absorption  of  oil  or  creosote  stains,  by  means  of  which  texture- 
effects  are  produced  that  are  not  possible  with  siding  or  clapboards. 

The  kinds  of  shingles  used  for  wall-coverings  are  the  same  as 
those  used  on  roofs  (for  a  description  of  shingles  see  Art.  201),  ex- 
cept that  for  the  walls  they  are  sometimes  cut  to  form  ornamental 
patterns.  For  ornamental  work  it  is  best  to  use  "dimension-shin- 
gles," that  is,  shingles  of  a  uniform  width ;  but  for  plain  work  this 
is  not  necessary,  and  even  where  the  butts  of  the  shingles  are  ciit 
to  a  wave-pattern,  for  example>  random  widths  may  be  used.  It 
is  desirable,  however,  that  the  width  of  wall-shingles  should  not  be 
greater  than  8  nor  less  than  3J4  inches. 

The  manner  of  applying  shingles  to  a  wall  is  the  same  as  that 
used  for  a  roof;  but  a  greater  exposure  of  the  butt  is  permissible 
as  wall-shingles  are  generally  laid  with  an  exposure  of  from  5  to 
6  inches  to  the  weather.     In  finishing  external  angles  the  shingles 
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are  usually  lapped  over  each  other  alternately,  as  shown  in  Fig. 
283.  At  the  sides  of  the  window-frames  the  joints  should  be 
flashed  with  sheathing-paper,  tin  or  zinc,  as  explained  in  Art  140. 
(See,  also,  Arts.  201  and  202  for  roof -shingling.) 

192.  SHEATHING-PAPERS,  FELTS,  QUILTS,  Etc.*  f  It 
is  well  known  that  frame  buildings  when  merely  sheathed  and 
clapboarded  or  shingled  on  the  outside  and  simply  lathed  and  plas- 
tered on  the  inside,  are  almost  sure  to  be  hot  in  summer  and  cold 
in  winter;  and  as  the  wood  almost  always 'shrinks,  cracks  result 
through  which  the  wind  finds  its  way.  For  these  reasons  some 
extra  provision  should  be  made  for  keeping  out  the  wind  and  the 
heat  and  cold ;  and  it  is  generally  admitted  that  there  is  no  material 
that  will  do  this  so  well  and  at  so  small  an  expense  as  good  sheath- 
ing-papers  or  sheathirig-felts.  The  papers  made  for  this  purpose 
are  commonly  known  as  "sheathing-papers"  or  "building  papers." 
There  is  a  great  variety  of  sheathing-papers  manufactured,  many 
of  them  of  great  excellence,  and  even  the  best  are  comparatively 
inexpensive,  costing  only  about  $1.00  per  100  square  feet;  so 
that  only  the  better  qualities  of  any  kind  of  felt  or  paper  should  be 
specified.  Where  the  cost  of  the  sheathing-paper  on  an  ordinary 
house  is  only  a  few  dollars,  it  is  poor  economy  to  use  a  cheap 
paper,  as  the  labor  of  applying  it  is  an  important  item  and  the 
poorer  the  paper  the  more  difficult  the  work  of  putting  it  on. 

The  qualities  which  good  sheathing-paper  should  possess  are 
permanence,  impenetrability  to  air  and  water  and  sufficient  strength 
to  permit  of  applying  without  tearing.  Protection  or  proof  against 
vermin  and  insects  is  another  important  requirement.     It  should 

*  The  following,  although  necessarily  restricted  to  a  few  lines,  gives  a  general  idea  of 
the  cost  of  different  kinds  and  types  of  papers  and  felts,  the  prices  being  fair  averages: 

Price  Per  100 
square  feet. 

Common  tarred  felts,   (1 5  lbs.  per  square)    30  cents. 

Red    rosin-sized    sheathing,    best    grades    26      '* 

Monahan's    parchment    sheathing,    single-ply    26      " 

double-ply     40      " 

"  ship-rigging    tar-sheathing,    2-pIy    75      " 

"Neponset"   black    (waterproof)    paper 46      " 

"  red-rope    roofing $1.20 

Sheathing-papers  with  asphalt  center    .40  to  60  cents. 

Asbestos  building  or  sheathing- felt,  10  lbs.   per  square 22^*' 

••      ••  .••        *•      14  lbs.  per  square 81J4  *' 

Cabot's    sheathing-quilt,    sin^Ie-ply %}'^^ 


••  4«  «« 


double-ply     ^1.26 

Barrett's   specification-felt    86  cents. 

Barrett's  "defender."  felt  sheathing   80      *• 

Sackett's  waterproof   sheathing    80      " 

Empire    parchment-sheathing,    1-pIy S6      " 

««  «<  "  2  "      86      " 

**  "  "  8  "      60      *• 

Barrett's   red    rope    $1.00 

"         black,  waterproof  sheathing 40  cents. 

t  See,  also,  Arts.  216  to  220,  Chap.  V.,  and  Art.  140,  Chap.  III. 
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not  be  brittle  nor  have  a  lasting  strong  odor  and,  for  the  con- 
venience of  the  builder,  should  be  clean  for  handling.  There  are 
so  many  papers  possessing  all  or' most  of  these  qualities  that  it  is 
deemed  inexpedient  to  mention  particular  brands.  The  architect 
should  decide  for  himself,  from  the  samples  with  which  he  has 
probably  been  furnished,  what  papers  are  best  adapted  to  the  par- 
ticular conditions;  and  he  should  then  specify  those  brands,  giving, 
also,  the  manufacturers'  names,  instead  of  leaving  the  choice  to  the 
builder,  who  will  be  quite  sure  to  be  guided  by  price  rather  than  by 
quality.  Many  object  to  tarred  or  saturated  sheath ing-papers  and 
felts  because  of  their  tendency  to  become  brittle  and  because  they 
emit  a  strong  odor  and  are  somewhat  disagreeable  to  handle.  On 
the  other  hand,  the  advocates  of  tarred  felts  emphasize  their  cheap- 
ness, warmth  and  even  their  odor,  which  makes  them  vermin-proof. 
The  odor  gradually  disappears  after  the  clapboards,  siding  or 
shingles  are  put  on  and  the  inside  walls  finished. 

The  common  "rosin-sized"  sheathing-paper,  while  wind-proof  at 
first,  is  not  moisture-proof,  as  the  amount  of  rosin  used  in  the 
sizing  is  almost  a  negligible  quantity  and,  under  many  conditions, 
subject  to  decay. 

Sheathing-paper  is  usually  applied  just  previous  to  putting  on 
the  clapboards,  siding  or  shingles.  It  is  generally  placed  horizon- 
tally and  shoulcf  lap  about  2  inches  over  each  sheet  and  over  the 
paper  previously  placed  around  the  window  and  door-frames.  If 
sheathing  quilt  or  similar  material  is  to  be  placed  under  the  clap- 
boards or  siding,  laths  should  be  nailed  vertically  over  it,  opposite 
each  stud,  and  the  siding  or  clapboards  nailed  to  the  laths;  other- 
wise it  will  be  difficult  to  put  them  on  evenly,  owing  to  the  thick- 
ness and  elastic  quality  of  the  "quilt."  Shingles,  however,  may  be 
applied  directly  over  it.  Sheathing  quilt  possesses  marked  fire- 
resisting  properties. 

The  sheathing-paper  and  the  labor  of  putting  it  on  should  be 
included  in  the  carpenter's  specifications. 

193.  STUCCO  FINISH  ON  OUTSIDE  STUD-WALLS. 
Fig.  293  *  shows  a  detailed  horizontal  section  of  an  exterior  wall 
with  stucco-finish.  The  studs  are  placed  12  inches  on  centers  and 
are  bridged  with  2  by  3-inch  bridging  inclined  in  alternate  direc- 
tions in  adjacent  spaces.  The  furring  is  made  of  54  or  J^-inch 
painted  or  galvanized-steel  rods  or  crimped  strips.  The  painted,  ex- 
panded-metal  lath  is  fastened  over  the  furring-strips  with  ij4-inch, 
No.  14-gauge,  galvanized-iron  staples.  After  the  outside  lath  has 
been  back-plastered,  the  air-spaces  are  divided  by  applying  heavy 

*  This   drawing   is    reproduced   by   permission   of    Tlie   Associated    Metal-Lath    Manu- 
facturers,  Youngstown,   Ohio. 
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building  paper,  quilting  or  other  ventilating-material  between  the 
studs,  and  fastening  it  by  nailing  wood  strips  over  the  folded  ends  of 
the  material.     {See,  also.  Art.  l88.) 


Oefeff  Sftoi^'ing  Section  of  Exfe^rior  Wo/* 

Fig,  39}.     Stucco-Finiih  on  Outaide  Frame  Walls. 

194.  JOINING  OUTSIDE  FRAME  AND  STONE  WALLS. 
Suburban  and  country  residences  are  often  built  with  part  of  the 
walls  of  framework  and  part  of  stonework ;  and  as  the  young  archi- 
tect may  be  puzzled  as  to  just  how  these  walls  should  be  joined  there 

is  added  an  illustration 
(Fig.  294)-  of  the  method 
adopted  in  a  house  de- 
signed by  Mr,  Cass  Gil- 
bert.* 

It  should  be  noticed  that 
the  stud  A  forms  an  anchor 
to  keep  the  wall  in  place, 
sidewise,  and  that  the 
sheathing-paper  on  the 
wooden  wall  is  extended 
around  this  stud  and  the 
joint  between  the  stone  and 
the  paper  filled  with  ce- 
ment.    The  outer  edge  of 

this  joint  is  made  concave  in  order  that  the  shingles  may  fit  into  it. 

The  stud  A  should  be  anchored  to  the  stone  wall  so  that  in  case  of 
.  settlement  the  two  will  not  separate, 

7.    PORCHES  AND  PIAZZAS. 

195.  GENERAL  CONSTRUCTION  OF  PORCHES  AND 
PIAZZAS.     The  building  of  a  porch  involves  two  kinds  of  work, 

*  Thii  illuttration  wu  fitat  publiihed  in  the  "Americui  Architect,"  on  Match  14,  1SS5. 
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the  rough  work,  which  supports  the  floor  and  roof,  and  the  finished 
work,  which  is  the  part  exposed  to  the  eye. 

The  framing  of  porch-floors  has  been  described  in  Art.  91.  The 
rafters  of  the  roof  are  supported  by  a  plate  or  beam  spanning 
from  post  to  post  or  from  post  to  wall  and  usually  enclosed  by  the 
cornice  or  by  a  false  beam  built  up  of  ^-inch  boards.     When  the 


finished  posts  are  circular  in  cross-section  they  usually  form  the 
support  for  the  roof;  if  the  posts  are  square  or  rectangular  in 
cross- sect  ion,  a  rough  post  is  often  set  up  to  support  the  plate  and 
a  finished  post  built  around  it.  Hollow,  built-up,  wooden  posts 
should  never  be  used  to  support  any  great  weight. 

Porches  may  be  built  and  finished  in  so  many  different  ways 
that  it  is  impossible,  in  a  book  of  this  character,  to  consider  more 
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than  a  few  general  features.  The  floor  should  rest  on  a  solid 
foundation,  brick  or  stone  piers  being  the  best,  and  all  vertical 
wooden  supports  should  be  set  with  the  fibers  running  vertically. 
All  joints  should  be  so  made  as  not  to  be  exposed  to  the  weather 
and  the  various  parts  neatly  joined  and  well  nailed  together. 
Porches  built  against  brick  or  stone  walls  should  have  the  upper 
part  secured  to  the  wall  by  j4-inch  bolts  set  in  the  wall  as  it  is  built. 

196.  FLOORING,  STEPS  AND  LATTICE,  i.  Flooring. 
Hard  pine,  such  as  shortleaf  pine,  or  other  suitable  wood,  should  be 
used  for  the  flooring.  For  first-class  work  the  boards  should  be 
not  over  4  inches  wide,  i}i  inches  thick,  quarter-sawed  and  free 
from  knots  or  sap.  In  the  Middle  Atlantic  States  very  little  floor- 
ing is  made  over  3  inches  wide.  In  regard  to  the  use  of  matched 
flooring,  custom  varies  in  different  parts  of  the  country.  In  the 
New  England  States  it  is  customary  to  lay  porch-floors  with  open 
joints.  The  boards  have  square  edges,  are  set  about  %6  of  an  inch 
apart  and  the  nails  are  driven  through  the  top.  In  other  sections 
of  the  country  matched  flooring  is  generally  used  and  blind-nailed 
in  the  joints.  The  author  is  inclined  to  favor  the  open-jo^nt  floor- 
ing, especially  in  localities  where  there  is  much  rain  or  snow,  al- 
though in  climates  like  that  of  Colorado  the  tight  flooring  is  perhaps 
more  satisfactory.  When  the  boards  are  matched  they  should  have 
the  tongue  painted  with  thick,  white  lead  and  oil  just  before  the 
boards  are  laid,  and  the  floor  should  pitch  from  the  wall  outward 
about  I  inch  in  6  or  8  feet  to  prevent  the  water  from  remaining  on  it. 

When  the  porch  is  enclosed  by  a  solid  wall  it  is  good  practice  to 
run  a  narrow  strip  around  the  outside  edge  of  the  flooring  with  a 
groove  worked  in  and  graded  to  form  a  gutter  and  with  holes  bored 
through  to  let  out  the  water. 

When  the  porch  is  open  the  floor-edges  are  finished  with  a 
"nosing"  and  "cove,"  as  shown  in  Fig.  296.  Very  often  the 
ends  or  sides  of  the  floor-boards  are  rounded  and  the  cove-molding 
placed  underneath;  with  open  floors  this  is  the  best  construction. 
With  tight  floors  a  solid  molding,  nailed  to  the  edge  of  the  floor  as 
in  Fig.  296,  presents  a  neater  appearance  on  the  face,  but  shows  a 
long  joint  on  the  floor  and  is  not  as  durable  a  construction  as  a 
nosing  worked  "on  the  solid." 

2.  Steps.  The  steps,  if  of  wood,  should  be  supported  on  plank 
strings,  set  from  16  to  20  inches  apart  and  resting  on  a  foundation- 
wall  at  the  lower  ends.  The  wall  should  extend  below  the  frost- 
line.  The  treads  should  be  ij4  inches  thick,  with  the  front  edges 
rounded  to  form  a  nosing  and  the  ends,  when  open,  finished  with 
a  nosing  "planted  on"  and  mitered  at  the  corners.  A  cove-molding 
is  usuMlA/  ;>laced  under  the  nosing.    The  ends  of  the  steps  are  gen- 
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erally  finished  with  a  triangfular  panel,   the  panel  being  solid  or 
formed  of  lattice-work,  according  to  its  size. 

3.     Lattice.    When  built  of  wood  the  sides  and  front  of  the 
porch  below  the  floor  are  generally  finished  with  wide  casings  with 


ns.  >g6.     Dettib  of  Porch  "A,"  Fit.  195. 

lattice-work  in  the  panels.  There  are  two  methods  of  forming  this 
lattice-work,  the  cheaper  and  more  common  one  being  shown  at  A, 
Fig.  295.  In  this  construction  lattice-strips  of  stock  size,  J^  by  i}i 
inches,  are  nailed  over  each  other,  the  vertical  strips  being  on  the 
outside.  The  strips  should  be  so  set  that  the  openings  will  be 
square  and  equal  to  the  width  of  the  strips  which  are  nailed  to- 
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gether  where  they  cross.  In  the  other  method  strips  J^  of  an  inch 
thick  and  about  zyi  inches  wide,  halved  t<^ether  at  the  intersections, 
are  used,  appearing  as  shown  at  B,  Fig.  295,  The  latter  style  of 
lattice  undoubtedly  appears  to  be  more  substantia!  than  the  other, 
but  it  costs  two  or  three  times  as  much.  In  putting  up  the  lattice 
it  is  customary  to  nail  the  strips  to  the  rough  work  of  the  porch 
and  then  nail  the  casings  over  the  strips;  but  it  is  better,  with  a 
porch  like  that  shown  at  A,  to  frame  the  casings  together  and  to 
nail  the  strips  to  the  back  of  the  frame  thus  formed,  in  order  that 
it  may  be  removed  should  occasion  require, 

197.     SUPERSTRUCTURE   OF   PORCHES.     I.     Posts   and 
Columns.     The  style  and  construction  of  the  porch-finish  depends 


.tavcd-Up  Wooden  Column. 


a  great  deal  upon  the  architectural  design.  Porches  of  the  so-called 
"colonial"  or  "classical"  type  usually  have  turned  columns  restit^ 
either  on  pedestals  or  on  the  floor,  as  shown  in  Fig.  295.  When  a 
post  stands  on  a  pedestal  its  diameter  is  decreased  and  consequently 
it  can  be  turned  from  a  smaller  piece  of  wood.  The  decrease  in  the 
diameter  also  lessens  the  height  of  the  cornice  above,  the  propor- 
tions of  the  column  and  cornice  being  approximately  those  given 
by  Vignola. 

Unless  made  of  staved-up  pieces,  posts  less  than  12  feet  in  height 
are  almost  always  turned  from  a  solid  timber,  Idaho  white  pine, 
cypress,  fir  and  redwood  are  generally  used  for  this  purpose  for 
exterior  work,  as  these  woods  may  be  obtained  in  large  pieces  free 
from  knots  and  as  they  "stand"  well. 

The  caps  and  bases  are  commonly  turned  out  of  pieces  of  planks 
set  with  the  grain  horizontal.     The  smallest  cross-dimension  of  the 
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Section  sbowing  Doric 
fluting. 


Showing  where  measurements  of 
columns  should  be  taken. 


Section     showin]^     fluting 
on    all    other   Columns. 
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Various  ways  of  finishing  Columns  to  receive  Composition   Caps. 

Sections  of  Columns  and  Pilasters. 
Fig.  298.    Wooden  Porch-Columns. 
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timber  from  which  a  post  is  turned  should  be  greater  than  the 
lower  diameter  of  the  column,  in  order  that  the  fillets  at  the  top 
and  bottom  of  the  shaft  may  be  turned  on  it.  Solid  columns  will 
crack  and  check  less  if  they  are  bored  longitudinally  through  the 
axis.     Fig.  297  shows  at  6  a  horizontal  section  through  a  staved-up 


Fig.  299.     Wooden  Column-Cap,  Shaft  and  Spliced  Butt-joint. 


wooden  column  and  at  a  a  diagram  indicating  the  method  of  setting 
staves  so  that  the  shaft  may  be  turned  with  the  "entasis"  and  the 
"apophyges"  or  "conges"  at  the  top  and  bottom.  The  details  show 
a  column  22  inches  in  diameter  staved  up  in  twenty  pieces.  A 
column  12  inches  in  diameter  would  require  but  eight  staves.  All 
wooden  columns,  12  inches  or  more  in  .diameter,  should  be  staved  up 
in  some  approved  manner  as  shown.  White  pine  and  other  woods, 
2,  2^  or  3  inches  in  thickness  are  commonly  used.     They  should 
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be  kiln-dried,  glued  and  splined  together;  and  the  rough  shaft 
should  be  tapered  to  avoid  having  it  turned  too  thin  at  the  upper 
end  in  giving  it  the  entasis  and  to  allow  of  the  turning  of  the 
ajpophyges.  The  vertical  joints  in  fluted,  wooden  columns  may  come 
anywhere  with  reference  to  the  flutes  themselves,  but  they  should 
all  be  made  perfectly  tight.  The  horizontal  section  shown  is  taken 
through  the  thickest  part  of  the  wood.  Flutes  should  not  be  so 
deep  that  they  cut  nearly  through  at  the  top  and  bottom  of  the  shaft 
where  the  taper  and  inclination  of  staves  make  the  flutes  come  close 
to  the  splines. 

During  recent  years  new  and  improved  methods  of  making  wood 
columns  for  both  exterior  and  interior  use  have  been  introduced. 
These  methods  have  resulted  in  various  lock-joint,  staved  and 
turned  columns,  the  methods  of  putting  together  being  generally 
patented. 

Figs.  298  and  299  show  various  details  of  Koll's  patent,  lock-joint, 
staved  and  turned  columns.*  The  first  drawing  in  Fig.  298  indi- 
cates what  measurements  are  taken  to  determine  all  others.  Care 
should  be  taken  to  specify  that  the  fillets  and  curves  at  the  top  and 
bottom  be  turned  as  parts  of  the  shaft.  The  cross-sections  show 
the  lock-joint  of  the  staves,  the  upper  section  showing  the  channel- 
ing for  the  Greek  and  Roman-Doric  shafts  and  the  lower  section 
showing  the  fluting  for  all  others.  The  three  drawings  of  the 
upper  parts  of  the  shaft  show  the  various  ways  of  turning  the 
necks  of  the  columns  to  receive  composition  caps,  leaving  a  dowel 
shouldered  on  top  of  the  shaft  to  carry  the  weight.  The  smaller 
sections  show  various  plans  or  cross-sections  of  columns  and  pilas- 
ters. Fig.  299  shows  the  plan  and  elevation  of  an  Ionic  capital  with 
the  proper  flashing  indicated.  The  flashing,  preferably  of  sheet  lead 
or  copper,  should  cover  the  top  of  the  dowel  and  the  top  surface 
of  the  abacus,  finishing  in  a  drip  over  the  fillet  of  same.  If  this 
flashing  is  omitted,  water  from  the  face  of  the  entablature  is  apt 
to  run  into  the  cap  and  column-shaft  and  swell  the  wood.  This 
figure  shows,  also,  a  spliced  butt-joint,  for  splicing  staves  longi- 
tudinally in  very  long  columns.  The  pieces  are  put  together  under 
screw-pressure,  with  hot  glue.  Fig.  299  shows,  also,  a  perspective 
view  of  the  lower  end  of  a  column-shaft  of  a  KoU  column,  with  a 
corrugated-steel  band  or  ferrule-reinforcement  set  in  to  give  addi- 
tional strength.  This  is  particularly  efficient  for  the  Greek-Doric 
columns  which  have  no  base.  This  reinforcement  is  usually  added 
to  both  ends  of  these  columns. 

Wooden  columns  of  this  type  are  made  up  from  different  thick- 
nesses of  wood,  the  stock  varying  from  2  to  4  inches  and  the  cost 

*  Manufactured  by   the   Hartmann- Sanders    Company,    ChicagOt    1\\, 
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of  a  column  varying  with  the  amount  as  well  as  with  the  kind  of 
lumber  used.  The  stock  for  exterior  columns  is  usually  specified 
to  be  "free  from  large  or  loose  knots,  sap  or  shakes,"  while  the 
stock  for  interior  columns  is  specified  to  be  "perfectly  clear."  For 
exterior  work,  the  "standard"  wood  used  is  a  specially  selected 
grade  of  white  pine.  Columns  of  western  fir  cost  about  lo  per 
cent  less.  They  can  be  furnished  also  of  spruce,  redwood  or  cypress 
at  about  the  same  price  as  that  charged  for  white  pine.  For  interior 
work,  white  pine,  whitewood  and  gum  are  used  for  painted  work; 
and  cypress,  yellow  pine  or  any  of  the  hardwoods  for  natural  finish. 
Hardwood  colvunns  are  made  solid,  staved  up,  or  veneered  on  a 
softwood  core.  Staved-up  columns  are  made  with  diameters  vary- 
ing from  6  to  54  inches  and  they  can  be  made  plain,  fluted  or  chan- 
neled and,  up  to  35  feet  in  length,  turned  in  a  lathe.  (See,  also, 
Art.  289,  Chap.  V.) 

2.  Rails  and  Balusters,  The  rails  and  balusters  are  of  varying 
sizes  and  shapes  according  to  the  design.  Rails  less  than  4  by  4 
inches  in  cross-section  are  usually  "stuck"  from  a  single  piece  of 
wood ;  when  larger  than  this  it  is  best  to  have  them  "built  up."  It 
is  good  practice  to  bevel  the  tops  of  both  rails  to  prevent  water 
from  standing  on  them,  the  beveled  top  on  the  lower  rail  serving 
also  to  hold  the  balusters  more  securely.  For  residences  not  too 
pretentious  in  style,  plain  balusters,  in  section  ij4  inches  square  or 
}i  by  i}4  inches,  when  set  about  154  inches  apart,  make  relatively 
inexpensive  railings  or  balustrades.  The  builders  of  the  better  col- 
onial residences  generally  used  balusters  4  or  5  inches  in  diameter 
and  a  correspondingly  heavy  rail,  as  shown  at  B,  Fig.  296,  and  such 
balustrades  are  still  used.  They  are,  of  course,  much  more  ex- 
pensive than  those  in  the  other  railing  shown.  A  common-size  sec- 
tion for  turned  balusters  for  porch  or  piazza-railings  is  ij4  inches. 
The  usual  height  of  the  top  of  the  rail  from  the  floor  is  2  feet  6 
inches.  The  lower  rail  should  be  kept  2  inches  above  the  floor  to 
facilitate  sweeping,  blocks  being  placed  under  the  rail  at  distances  of 
4  or  5  feet  to  keep  it  from  sagging. 

When  short  posts  are  used  they  are  usually  nailed  to  the  flooring, 
and  when  they  do  not  come  at  angles  of  the  porch  should  be  further 
strengthened  by  iron  angles  screwed  to  their  sides  and  to  the 
flooring. 

3.  Cornices  and  Gutters.  The  construction  of  the  cornice  of 
porches  such  as  have  been  described,  is  illustrated  by  the  enlarged 
section  in  Fig.  296.  It  should  be  noticed  that  the  plate  which  sup- 
ports the  rafters  is  placed  directly  under  them  and  is  supported 
over  the  columns  by  uprights  formed  of  studs.  The  lower  plate 
is  suspended  from  the  upper  one  between  the  posts,  but  when  the 
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facing  pieces  are  put  in  place,  the  entablature  is  really  self- 
supporting. 

In  designing  residence-porches  facing  the  south  or  west,  a  mis- 
take is  very  often  made  in  placing  the  bottom  of  the  entablature  so 
high  above  the  floor  that  the  roof  does  not  furnish  during  the  after- 
noon the  proper  protection  from  the  sun.  For  porches  thus  situ- 
ated, unless  they  are  very  deep,  the  clear  opening  above  the  floor 
should  be  not  more  than  8  feet.  On  the  east  side  of  the  house  this 
is  not  a  matter  o{  so  much  consequence. 

It  is  always  advisable  to  provide  the  porch-roof  with  gutters  and 
conductors.  When  the  roof  is  flat  the  gutter  may  be  formed  in 
the  roof  as  shown  in  Fig.  296.  A  pitch  of  ^  of  an  inch  to  the  foot 
is  sufficient  for  a  tin  roof. 

If  there  is  a  railing  above  a  tin  roof  the  best  method  of  securing 
the  railing-post,  if  square  and  built-up,  is  to  extend  from  the  plates. 


Ftf.  300. 


Seattle,  WHh. 


12  inches  or  more  above  the  roof,  rough  scantlings  and  to  turn 
the  tin  up  around  them,  soldering  it  at  the  comers.  The  finished 
posts  are  then  set  over  them  and  are  securely  held,  and  there  is  little 
danger  of  leaks  appearing  in  the  roof  at  the  posts. 

If  turned  railing-posts  are  to  be  used  they  may  be  extended 
through  the  roof  in  the  same  way  and  the  top  of  the  tin  turned  into, 
saw-cuts  made  in  them,  the  saw-cuts  being  then  filled  with  putty ;  or 
blocks  of  wood  about  i)^  inches  thick  and  i  inch  larger  in  cross-sec- 
tion than  that  of  the  posts  may  be  nailed  over  the  tin  roof  and 
covered  with  tin  soldered  to  the  roofing.  The  posts  may  then  be  toe- 
nailed to  these  blocks.  Angle-posts  are  braced  sufficiently  by  the 
railing  without  being  extended  through  the  roof;  but  when  inter- 
mediate posts  are  used  it  is  best  to  carry  them  to  the  plates. 
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Fig.  300  shows  a  section  through  the  porch-cornice  of  a  residence 
in  Seattle,  Wash.,  designed  by  Gould  &  Champney.  The  main 
cornice  is  shown  in  Fig.  266.  The  cornice  rests  on  brick  piers  as 
shown,  the  doubled  plates  supporting  the  rafters  resting  on  4  by 
4-inch  pieces  standing  on  the  piers.  The  gutters  are  "concealed" 
and  are  formed  at  the  end  of  the  rafters,  lined  with  galvanized 

iron  and  have  openings  in  the 
pan-parts  of  the  interlocking 
tiles  at  the  ejves.  Fig.  301  * 
shows  the  cornice-detail  of  a 
porch  over  the  main  entrance  of 
the  residence  designed  by  Rich- 
ard Arnold  Fisher  for  Mr.  A.  C. 
Potter  at  Cambridge,  Mass. 
The  roof  is  covered  with  canvas 
and  the  railing  is  of  wrought 
iron.  The  cypress  gutter  is 
fastened  to  the  rafter-ends.  iThe 
total  height  of  entablature,  from 
column-cap  to  edge  of  roof 
above  gutter,  is  2  feet  3j/$ 
inches ;  the  total  projection  from 
frieze  to  outside  of  gutter,  i  foot 
iJ/$  inches;  the  upper  diameter 
of  column-shaft,  12  inches;  and 
the  lower  diameter,  14J4  inches. 
The  posts  of  the  iron  railing  are 
ij4  by  ij4  inches;  the  upper 
rail,  i^  inches  by  %  of  an  inch ; 
the  lower  rail,  1%  inches  by  J4 
of  an  inch ;  and  the  balusters  ^ 
by  %  of  an  inch  in  cross-section. 

4.  Movable  Floors  for  Balconies.  If  the  porch-roof  is  to  be 
used  as  a  balcony  it  should  be  covered  with  tin  or  copper  and  a 
movable  flooring,  made  of  slats  and  cleats,  laid  over  it.  The  slats 
should  be  of  4-inch  square-edged  flooring-pieces,  laid  %  of  an  inch 
apart  and  nailed  to  ij^  or  i^-inch  cleats,  which  should  be  blocked 
up  from  the  tin  and  not  fastened  to  it  in  any  way.  This  flooring 
should  be  made  in  sections  of  sizes  convenient  for  handling. 

5.  Hoods,  Fig.  302  *  shows  the  details  of  a  hood  over  an 
entrance-door  of  the  residence  designed  by  Charles  Barton  Keen 
for  Dr.  Marsden,  at  Chestnut  Hill,  Pa.     The  hood-roof  is  covered 


Fig.  301.  Porch-Column,  Cornice  and 
Roof-Railing  of  Residence,  Cambridge, 
Mass. 


*  Figs.  301  and  302  were  redrawn,  by  permission,  from  "Building  Details. 
Snyder. 
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with  shingles  and  the  gutters  are  tin-lined  and  formed  with  gutter- 
strips  as  shown. 


Fig.  3D2.     Hood  0< 


IfTilion  and  Seelion. 


8.    DORMERS. 

198.  GENERAL  DESCRIPTION  OF  DORMERS.  (See, 
also.  Art.  129,  Chap.  II.)  Dormers  are  of  two  kinds,  those  built 
entirely  on  the  roof,  as  ^...^^^ 
in  Figs.  304  to  307  and 
those  which  form  a  con- 
tinuation of  the  wall,  as 
in- Fig,  303.  On  isolated 
or  suburban  residences 
the  former  are  more 
common,  although  on 
story-and-a-half  houses 
the  latter  are  often  used. 
Dormers  of  the  latter 
type  are  very  common 
on  the  fronts  of  public 
buildings  and  city  resi- 
dences, but  they  are  USU-         Fig.  ,01.     Dormer  Forming  Continu.lioo  of  Wall. 
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ally  built  either  of  masonry  or  metal  and  often  with  elaborate  gables, 
pilasters,  etc.  There  are  so  many  different  types  of  dormers  and  so 
many  ways  of  roofing  and  finishing  them,  that  it  is  impossible  to  give 
them  more  than  a  brief  mention.  As  a  rule,  the  eaves  and  roof  are 
made  to  correspond  with  those  of  the  building  itself,  except  that 
when  the  eaves  overhang  the  main  roof  there  is  no  necessity  for 
gutters. 

To  be  of  practical  utility  the  window-sill  should  be  not  more  than 
2>^  feet  and  the  top  of  the  window  not  less  than  5J-j  feet  above 
the  floor. 

A  few  examples  of  common  types  of  dormers  are  shown  in  F^s. 


Fig.  304.     Gabled  Dormer.  Fig.  505.     Colonial  Type  of  Doener. 

303  to  307.  The  simplest  method  of  roofing  a  dormer,  when  the 
main  roof  rises  high  enough,  is  that  shown  in  Fig.  303.  The  roof 
of  the  dormer  should  have  a  pitch  of  at  least  30  degrees,  and  the 
outer  edge  should  be  provided  with  a  gutter  and  conductor. 

For  dormers  placed  on  the  roof  a  gable  or  hip-roof  has  generally 
the  best  appearance  and  for  these  the  style  of  finish  shown  in  Fig. 

304  is  about  the  cheapest.  On  houses  of  the  colonial  type  dormers 
similar  to  that  shown  in  Fig.  305,  or  with  a  semicircular  roof  and 
gable,  are  often  used;  and  frequently  a  single  dormer  of  this  type 
is  placed  between  two  of  the  type  shown  in  Fig.  304.  When  the 
gable-end  is  semicircular  the  roof  is  generally  of  the  same  shape  and 
covered  with  tin  or  copper ;  but  when  the  gable  is  finished  as  in 
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Fig.  305,  a  pitched  roof  covered  with  slate  or  shingles  is  often  used, 
the  gable-cornice  being  made  about  10  or  12  inches  wide  on  top 
and  covered  with  tin  or  copper,  as  shown  at  T,  and  the  roof  dropped 
behind  it,  as  with  masonry  walls. 

Figs,  306  and  307  show  types  of  dormers  often  used  on  shingled 
houses.     These  admit  of  a  great  variety  of  treatment. 

Fig.  306  illustrates  a  style  of  shingled  valleys  that  has  become 
quite  common  in  this  type  of  building.  The  valleys,  instead  of 
being  formed  as  described  in  Art.  205,  are  rounded  so  that  the 


Fig-  sot.     SUaslcd  Domitr  and  Vallc*.  Fig.  307.     Shingled   Dormtc  wiih   llipiwd 

Roof. 

courses  of  shingles  may  be  made  continuous  from  the  main  roof 
to  the  dormer.  The  juncture  of  the  sides  of  the  dormer  with  the 
main  roof  is  sometimes  shingled  in  a  similar  manner. 

The  framing  of  the  sides  and  roof  of  all  these  dormers  is  very 
much  the  same,  the  description  given  in  Art.  129  applying  to  nearly 
all  wooden  dormers.     (See,  also.  Figs.  138  to  142.) 

9.    SKYLIGHTS  AND  SCUTTLES. 

199.  WOODEN  SKYLIGHTS.  Large  skylights,  and  those 
having  a  gable  or  hip-roof,  are  much  better  if  made  of  galvanized 
iron  or  copper  than  if  made  of  wood,  but  small  skylights  or  glazed 
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scuttles,  when  necessary  for  lighting  attic-rooms,  may  be  con- 
structed of  the  latter  material  when  not  within  the  fire-district. 
A  skylight  of  this  kind  usually  consists  of  a  glazed  sash  through 
which  light  is  admitted,  and  the  frame  on  which  the  sash  rests  and 
to  which  it  is  usually  hinged. 

When  on  a  pitched  roof,  the  skylight  or  sash  is  usually  placed 
parallel  with  and  about  8  inches  above  the  roof.  The  proper  method 
of  constructing  such  a  skylight  is  shown  in  section  in  Fig.  308. 
An  opening  is  first  framed  in  the  roof  by  means  of  header  and 
trimmer- rafters  and  the  frame  spiked  to  the  inside  of  the  opening. 
This  frame  should  be  made  of  2  or  2}^-inch  planks,  iij^  inches 


Fig.  308.     Wooden  SkyUgbl  on  Pilcbed  Roof. 

wide.  The  frame  is  often  made  of  6  or  8-inch  rough  planks  nailed 
on  top  of  the  roof,  the  inside  being  flush  with  the  rough  opening 
and  the  opening  and  frame  being  cased  with  finished  boards  or 
ceiling.  This  method,  however,  is  not  as  good  as  the  one  shown, 
as  the  wide  planks  add  to  the  stiffness  of  the  frame  and  opening 
and  prevent  the  two  from  separating. 

The  sash  is  framed  t<^ether  in  the  same  way  as  are  window- 
sashes,  but  should  have  no  cross-bars  or  muntins;  and  the  lower 
rail  should  be  made  so  that  the  glass  will  pass  over  it.  The  rails 
and  stiles  should  be  2  inches  wider  than  the  thickness  of  the  frame 
and  a  ^-inch  strip  should  be  nailed  to  the  under  side  of  the  stiles, 
outside  of  the  frame,  to  protect  the  joint.  For  economy  in  glass 
and  also  to  stiffen  the  sash,  the  latter  is  usually  divided  into  lights. 
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about  12  inches  wide,  by  longitudinal  muntins  or  sash-bars,  as  shown 
in  the  isometric  view.  The  glass  is  usually  set  in  putty  at  the 
top  and  sides,  but  at  the  bottom  the  upper  side  of  the  glass  is  left 
free  to  shed  water.  It  is  better,  wherever  possible,  to  use  one 
light  of  glass  between  muntins.  It  is  common  practice  today  to 
use  j4'\nch  hammered  glass  in  pieces  as  large  as  30  by  60  inches. 
Where  this  is  done,  care  sliould  be  taken  to  give  the  skylight  a 
good  slope,  thus  avoiding  the  dead  weight  of  the  glass  which  occurs 
where  a  light  of  this  size  is  laid  too  flat.  In  case  two  or  more 
pieces  are  used,  as  shown  in  the  section,  the  lap  should  not  be 
greater  than  from  ^  to  ^  of  an  inch.  Experience  has  shown  that 
a  wider  lap  than  this  causes  a  suction  or  lapping-up  of  the  moisture 
of  condensation.     (3ee,  also.  Art.  160.) 

Greenhouse  roofs  are  glazed  in  this  way,  the  divisions  often 
being  8  or  10  feet  long  and  glazed  with  small  lights  of  glass.  The 
thickness  of  the  sashes  should  not  be  less  than  i^  inches,  and  if 
the  frame-openings  are  greater  than  3  by  4  feet  the  thickness  should 
be  increased. 

The  most  important  items  in  connection  with  a  skylight  of  the 
type  shown  are  the  flashing  and  the  provision  for  taking  care  of 
the  condensation  that  always  forms  on  the  under  side  of  the  glass, 
if  the  room  below  is  warmed  or  occupied. 

Behind  the  top  of  the  frame  a  gutter  should  be  formed  as  shown, 
the  board  B,  Fig.  308,  being  cut  so  as  to  be  highest  at  the  middle- 
point  of  the  gutter  and  so  as  to  fall  to  each  side.  The  lining  of  this 
gutter  should  extend  well  up  onto  the  roofing  and  should  be  turned 
over  the  upper  edge  of  the  frame  into  a  groove  which  should  be 
graded  to  drain  off  the  water  at  the  sides.  If  the  sash  is  to  open,  it 
should  be  hinged  at  the  top  and  a  strip  of  lead  nailed  to  the  top  rail  to 
form  a  counterflashing,  as  shown  at  //.  If  the  sash  is  stationary, 
a  simple  fillet  may  be  nailed  above  the  frame  to  the  under  side  of 
the  sash.  The  sides  of  the  frame,  like  the  sides  of  a  chimney, 
should  be  flashed  with  tin  or  zinc,  the  flashings  being  carried  to  the 
top  of  the  frame.  At  the  bottom  of  the  frame  it  is  better  to  use  a 
wide  piece  of  galvanized  iron  for  the  flashing,  as  this  will  stay  in 
place  better  than  tin  or  zinc. 

To  take  care  of  the  water  of  condensation  a  small  gutter  should 
be  formed  in  the  flashing,  as  shown  at  Z).,  As  the  water  forms  on 
the  glass  it  runs  down  until  it  strikes  the  lower  rail  and  then  drops 
into  the  gutter.  For  a  small  skylight  the  water  in  the  gutter  will 
evaporate  and  not  overflow ;  but  on  larger  skylights  provision  should 
be  made  for  draining  off  the  water  by  means  of  a  small  pipe  carried 
through  the  frame.  On  large  skylights,  also,  if  made  of  wood,  the 
sash-bars  should  have  a  cross-section  like  that  shown  in  the  enlarged 
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section,  gutters  being  formed  at  G  to  receive  water  that  may  nin 
down  on  the  sides  of  the  bars.  These  gutters  should  empty  into 
the  gutter  under  the  lower  rail.  Unless  some  such  provision  is 
made  for  receiving  the  water  of  condensation,  much  trouble  will  be 
experienced  by  water  dripping  on  the  floor. 

The  sash  is  usually  fastened  by  a  flat,  iron  "bar,  provided  with 
holes  to  slip  over  a  pin,  serving  either  to  secure  the  window  or  to 
hold  it  open  at  certain  distances.  The  frame  and  sash  should  be 
made  of  clear,  well-seasoned  cypress,  white  pine  or  redwood. 

When  a  skylight  of  the  type  described  is  placed  on  a  fiat  roof. 


ng.  30^    Detail  {or  Large  Wooden  Skylight. 

it  may  be  constructed  in  the  same  manner,  except  that  the  frame 
should  be  made  higher  at  one  end  than  at  the  other,  in  order  that 
the  sash  may  have  an  inclination  of  about  z  inches  to  the  foot.  On 
Hat  roofs  the  frame  or  "curb"  may  be  set  on  top  of  the  roof. 

Fig.  309  shows  another  detail,  which,  in  some  respects,  is  superior 
to  the  other  for  large  skylights. 

Fig.  310*  shows  the  details  of  one  method  employed  for  lighting 
the  space  under  an  entire  roof  when  applied  to  a  frame  structure, 

*  Couiteiy  o{  Tbc  KinneiT  ManuEacluring  Co.,  Columbui,  Ohio. 


SKYLIGHTS  AND  SCUTTLES. 


In  this  case  the  skylight  is  continuous  and  may  be  composed  of  any 
number  of  sections.    The  detail  shows  the  method  of  framing  the 


skyhght  into  the  wooden  purlins.  The  smaller  drawing  shows  a 
section  at  A  A.  Fig.  311  shows  a  larger  detail  of  the  system  of 
glazing,  method  of  securing  glass,  condensa- 
tion gutters,  etc. 

200.  SCUTTLES.  Scuttles  in  a  roof 
should  be  framed  and  flashed  in  the  same 
manner  as  that  described  for  skylights ; 
and  the  cover  should  fit  over  the  frame  and 
be  covered  with  tin  or  copper.  '^'"'ing'io  F^'yo.'  ""*" 

10.    ROOFING. 

20T.    SHINGLED  RpOFS  IN  GENERAL,     i.     IVoods  used 
for  Shingles.    Shingles  have  always  been  the  commOB  roofing-ma- 
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terial  of  the  United  States  and  probably  will  continue  to  be  used 
for  a  number  of  years.  While  shingles  are  inflammable  and  not  as 
durable  as  tiles  or  slates,  the  better  qualities  are  sufficiently  durable 
for  the  ordinary  residence  and  if  properly  treated  will  not  easily 
take  fire.  They  are,  also,  admirably  adapted  to  color-treatment  by 
means  of  stains;  and  for  this  reason  many  architects  prefer  them 
to  slate  for  residences.  The  low  cost  of  shingle  roofs  heretofore, 
however,  as  compared  with  that  of  slate  or  tile  roofs,  has  probably 
been  the  chief  factor  in  determining  the  selection. 

Shingles  made  from  cypress,  cedar,  redwood,  white  and  yellow 
pine  and  spruce,  this  being  the  order  of  their  durability,  are  con- 
sidered the  best.  Redwood  shingles  are  much  less  inflammable 
than  any  of  the  others.  Cypress  and  cedar  shingles  are  about  the 
same  in  price,  cypress  being  slightly  cheaper  in  some  of  the  states. 
Cypress  shingles  are  probably  more  durable  than  redwood  shingles, 
but  their  advantage  in  durability  is  oflFset  by  the  slow-burning  quali- 
ties of  redwood  and  also  by  its  richer  color,  so  that  there  is  little 
choice  between  the  two  woods.  Shingles  are  made  also,  in  small 
quantities,  from  chestnut,  hemlock,  western  pine  and  some  other 
woods. 

The  most  common  woods  actually  used  for  shingles,  however,  are 
cypress,  cedar  and  redwood.  The  cedar  shingles  are  sufficiently 
durable  when  dipped  in  the  proper  kind  of  oil  or  stain.  They  are 
made  largely  from  two  species  of  cedar,  the  red  cedar  of  the  North- 
west and  the  white  cedar  of  the  Lake  States.  Some  white-cedar 
shingles  are  packed  in  bunches  containing  fifty  shingles  each,  twenty 
bunches  to  the  thousand,  and  are  in  4,  4J/2,  5,  5J^  and  6-inch  widths, 
with  those  of  each  width  bunched  separately  and  stenciled  to  show 
the»grade  and  width.  This  results  in  a  percentage  of  gain  in  count 
when  compared  with  those  which  are  packed  in  varying  widths. 
Some  white-cedar,  machine-dressed  shingles  require  no  paint  or 
preservative  to  prolong  their  lasting-qualities.  When  unpainted, 
they  turn  to  a  beautiful  silver-gray  from  exposure  to  the  weather. 
The  old-fashioned  split-pine  shingles  were  very  durable,  but  the  pine 
shingles  now  sold  are  inferior  to  those  of  cedar.  Spruce  shingles, 
also,  are  sold  in  some  localities,  but  are  not  suitable  for  good  work. 
Pine  shingles  are  now  little  used  in  the  Middle  Atlantic  States. 

Practically  all  of  the  shingles  now  used  have  rough  surfaces,  just 
as  they  come  from  the  saw. 

2.  Sises  of  Shingles.  Cedar  and  redwood  shingles  as  commonly 
sawed  are  20  inches  in  length,  and  cypress  shingles  usually  20  and  24 
inches  long,  the  longer  ones  allowing  a  greater  exposure  to  the 
weather.  Redwood  shingles  and  the  cedar  shingles  from  the 
States  of  Washington  and  Oregon,  which  States  furnish  most  of 
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the  shingles  used  west  of  the  Mississippi  are  %6  and  %6  of  an 
inch  thick  at  the  butt;  cypress  shingles  are  usually  sawed  thicken 
Those  used  in  Boston  are  %e  of  an  inch  thick. 

Ordinary  roofing-shingles  are  of  random  widths,  varying  from 
2%  to  14  and  sometimes  16  inches.  They  are  put  up  in  bundles, 
usually  four  bundles  to  the  thousand.  A  "thousand"  common 
shingles  means  the  equivalent  of  one  thousand  shingles,  each  4  inches 
wide.  This  applies  generally,  but  in  many  eastern  cities  dimension- 
sizes  are  much  used. 

When  shingles  are  to  be  laid  to  form  a  pattern,  it  is  advisable 
and  often  necessary  to  have  them  all  of  the  same  width.  For -this 
purpose  shingles  of  certain  widths  are  bunched  together  and  sold 
as  "dimension-shingles."  The  most  common  width  for  dimension- 
shingles  is  6  inches,  although  in  many  localities  4-inch  and  5-inch 
shingles  are  carried  in  stock.  EHmension-shingles  are  generally  of 
the  best  quality  and  are  somewhat  more  expensive  than  those  of  ran- 
dom widths.  In  most  cities  dimension-shingles  with  the  butts  sawed 
to  various  patterns  are  carried  in  stock.  Any  suitable  pattern,  how- 
ever, can  be  sawed  from  dimension-shingles  at  a  small  expense. 

3.  Grading  of  Shingles,  Shingles  are  variously  graded  and 
marked  by  the  manufacturers,  the  grades  and  marks  differing  for 
the  different  woods  and  in  different  localities. 

Shingles  of  the  best  quality  should  be  free  from  sap,  shakes  and 
knots.  The  Washington  and  Oregon  cedar  is  almost  entirely  free 
from  all  these  defects.  In  pine  and  cypress  shingles  small,  sound 
knots  are  permitted  when  not  nearer  than  8  inches  to  the  butt-end. 
Unless  the  architect  is  familiar  with  the  markings  of  the  shingles 
in  the  local  market,  it  is  best  to  specify  "the  best  quality,"  rather 
than  the  "first  quality,"  as  the  terms  are  not  synonymous,  the  best 
quality  being  often  marked  "extra"  or  "prime,"  while  "first  quality" 
may  really  be  used  to  designate  a  quality  which  is  not  as  good. 
-  4.  Durability  of  Shingles,  In  regard  to  the  durability  of 
shingles,  an  instance  is  on  record  of  cypress  shingles  which  remained 
for  one  hundred  and  four  years  in  a  good  state  of  preservation  on 
the  roof  of  a  Virginia  mansion.  Redwood  shingles  should  remain 
in  good  condition  for  from  twenty-five  to  fifty  years,  and  if  dipped 
in  oil  they  will  probably  last  still  longer.  Cedar  shingles  should 
last,  with  ordinary  treatment,  from  twelve  to  fifteen  years;  and  if 
dipped  in  oil  or  creosote  they  should  last  twenty-five  years. 

5.  Paper  Lining  for  Shingled  Roofs.  The  roofs  of  all  buildings 
that  are  to  be  plastered  (at  least  those  in  the  Northern  States) 
should  be  covered,  under  the  shingles,  with  a  layer  of  good,  strong, 
water-proof  paper.  It  is  true  that  such  a  lining,  by  causing  the 
shingles  to  sweat  and  rot  on  the  under  side,  is  apt  to  diminish  their 
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durability  unless  they  are  dipped  all  over;  but  in  the  Northern 
States  this  disadvantage  is  more  than  offset  by  the  additional 
warmth  obtained,  and  by  the  prevention  of  the  fine  snow  that  some- 
times sifts  in  under  the  shingles,  from  going  any  farther.  Tarred 
felt  has  been  much  used  for  this  purpose  and  answers  very  well,  but 
there  are  water-proof  papers  which  are  more  durable,  cleaner  and 
pleasanter  to  handle. 

202.  LAYING  THE  SHINGLES.  Shingles  are  generally  put 
on  by  the  carpenter,  although  in  the  larger  cities  there  are  persons 
who  make  a  specialty  of  shingling  roofs ;  but  it  is  doubtful  whether, 
as  a  rule,  they  do  the  work  as  well  as  a  regular  carpenter  could  do  it. 
The  men  who  put  on  the  shingles  usually  do  all  flashing  also,  except 
counterflashing,  the  flashing-material  being  ordinarily  furnished  by 
the  tinner. 

In  shingling  a  roof  the  workmen  always  commence  at  the  eaves, 
or  lowest  edge,  and  lay  the  shingles  in  courses,  either  to  a  line  or 
straight-edge.  The  first  or  lowest  course  should  always  be  a  double 
or  triple  one,  usually  double,  while  the  other  courses  are  laid  single. 
Each  shingle  should  be  secured  by  two  threepenny  nails,  driven  in 
about  8  inches  from  the  butt ;  and  if  a  very  durable  roof  is  desired 
galvanized  nails  should  be  used.  Cedar,  cypress  or  redwood  shin- 
gles will  usually  remain  in  good  condition  long  after  the  nails  have 
been  destroyed  by  rust. 

The  courses  of  shingles  should  overlap  each  other  sufficiently  to 
allow  an  exposure  to  the  weather  of  a  little  less  than  one-third  the 
length  of  the  shingle.  Unless  the  roof  is  very  steep,  shingles  which 
are  not  over  16  or  18  inches  in  length  should  be  laid  not  more  than 
4}^  and  ^yi  inches,  respectively,  "to  the  weather."  Of  course,  the 
more  the  shingles  are  laid  to  the  weather  the  greater  the  area  a 
thousand  shingles  will  cover ;  and  it  is  to  the  contractor's  advantage, 
therefore,  to  lay  them  as  much  to  the  weather  as  he  thinks  safe. 
For  this  reason  the  specifications  should  always  state  how  much  of 
the  shingle  is  to  be  exposed. 

The  following  table  shows  the  areas  that  1,000  shingles,  4  inches 
in  width,  will  cover  when  laid  with  different  exposures,  allowing 
nothing  for  waste. 

The  table  gives  the  number  and  weight  of  cedar  and  pine  shingles 
per  square  of  one  hundred  square  feet.  The  first  column  of  the 
table  gives  the  length,  the  second  column  the  assumed  width,  the 
third  column  the  "weather"  or  "gage,"  the  fourth  column  the  num- 
ber of  shingles  per  square,  the  fifth  and  sixth  columns  the  weight 
per  square  of  cedar  and  pine  shingles,  the  seventh  column  the  num- 
ber of  nails  required  per  square,  and  the  last  column  the  weight 
pf  the  nails  per  square  in  pounds. 
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TABLE  VIII. 

Number  and  Weight  of  Cedar  and  Pine  Shingles  Per  Square 

OF  One  Hundred  Square  Feet. 


Length, 
inches. 

Assumed 
width, 
inches. 

Weather 
or 

Shingles 

per 

square 

of  100  sq.  ft.» 

number. 

Weight  per  square 
of  100  sq.  ft 

NaUs 

per 

square, 

number. 

Weight 

of  naili 

per  square, 

pounds. 

.  gage, 
inches. 

Cedar, 
pounds. 

210 
200 
192 
197 
200 
203 
206 

Pine, 
pounds. 

233 
222 
218 
218 
222 
226 
229 

14 
15 
IS 
18 
20 
22 
24 

4 
41 

6 

5i 

6 

61 

7 

900 
800 
720 
655 
600 
554 
515 

1,800 
1,600 
1,440 
1,810 
1,200 
1,108 
1.080 

4.50 
4.00 
8.60 
8.88 
8.00 
2.77 
8.68 

This  table,  of  course,  applies  to  either  walls  or  roofs.  For  hip- 
roofs 5  per  cent  should  be  added  to  the  quantities  in  the  table  to 
allow  for  cutting;  and  for  irregular  roofs  with  dormer-windows, 
10  per  cent  should  be  added. 

The  shingles  in  the  different  courses  should  be  laid  so  as  to  break 
joint  at  least  i  inch  and  as  much  more  as  possible.    They  should 


ere**'. 


Fig.   312.    DeUil   of  Wooden   Ridge, 
Showing  Saddle-Boards. 


Fig.  313.     Metal  Ridge-Cresting. 


not  be  laid  too  tightly  together,  for  when  they  are  laid  in  that  way 
they  will  bulge  when  wet.     (See,  also.  Art.  191.) 

203.  RIDGES  AND  HIPS  FOR  SHINGLED  ROOFS,  i. 
Ridges.  The  ridge  of  a  shingle  roof  is  commonly  finished  by  saw- 
ing off  the  tops  of  the  shingles  and  nailing  over  them  two  boards, 
called  "saddle-boards,"  as  shown  in  Fig.  307  and  in  section  in  Fig. 
312.  If  an  ornamental  cresting  is  desired  it  may  be  sawed  out  of 
a  plank,  set  on  edge,  with  the  bottom  edge  formed  to  be  set  over 
the  saddle-boards.     In  large  cities  it  is  a  common  custom  to  finish 
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the  ridge  of  suburban  dwellings  with  a  galvanized-iron  cresting,  as 
shown  in  Fig.  313. 

Fig.  314  shows  various  types  of  wooden  ridges.  Type  a  is  a  very 
cheap  construction  and  is  without  ridge-pole  and  flashing.  Type 
c  is  very  similar,  except  that  there  is  a  pole  and  the  saddle-boards 
are  blocked  up  and  flashed  over,  the  flashing  being  turned  under 
the  shingles  and  secured  to  the  boarding.  Type  b  has  heavy  saddle- 
boards  and  pole  and  a  wooden  rod  planted  on  top  for  effect.  The 
flashing  is  similar  to  type  c  and  extends  under  the  rod  in  a  continu- 


Fig.  314.     Various  Types  of  Ordinary  Wooden  Ridges. 


ous  piece.  Type  d  has  heavy  saddle-boards,  ridge  and  pole,  the 
flashing  continuing  over  the  ridge  and  fastening  to  the  boarding, 
as  in  b  and  c. 

Hips.    The  hips  of  a  shingle  roof  may  be  finished  in  any  one 


2. 


of  three  ways:  (i),  by  means  of  a  wooden  or  metal  hip-roll; 
(2),  by  close  shingling  and  flashing;  and  (3),  by  shingling  parallel 
with  the  hips. 

In  the  first  method  wide  shingles  are  selected  for  the  hips  to  the 
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slant  of  which  they  are  cut,  a  wooden  molding  of  the  form  shown 
in  Fig.  315,  or  a  metal  hip-roll,  of  the  form  shown  in  Fig.  316,  being 
set  over  the  joint.  Wooden  hip-rolls  may  be  worked  out  of  i^  or 
2j4-inch  stock.  They  are  often  turned  in  ornamental  patterns  to 
represent  tiles.  When  galvanized-iron  or  copper  hip-rolls  are  used 
it  is  best  to  nail  a  wooden  hip-pole  to  the  roof,  under  the  metal  roll, 
which  is  nailed  to  the  former.     In  many  cases,  however,  this  wood 


OD  MOULDING 
SHINGLES 


Screw. 


Fig.  315.     Wooden   Hip-Roll  for 
Shingled  Roof. 


Fig.  316.     Metal    Hip- Roll    for    Shingled 

Roof. 


piece  is  omitted,  the  metal  being  simply  nailed  to  the  roof  through 
its  flanges. 

In  making  a  close  hip,  wide  shingles  should  be  selected  and  cut 
to  a  pattern,  as  shown  at  A,  Fig.  317,  and  over  each  pair  of  hip- 


A  B 

Kg.  3x7.    Types  of  "Qose"  Hips  for  Shingled  Roofs. 

shingles  a  piece  of  tin  or  zinc,  5  by  5  inches,  bent  to  the  proper 
angle,  should  be  nailed,  so  that  it  will  come  just  above  the  bottom 
of  the  next  shingle  above.  This  tin  makes  the  hip  tight  and  pre- 
vents the  shingles  from  splitting  and  being  blown  off.  The  edges 
of  the  hip-shingles  should  be  lapped  alternately  over  each  other 
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Fig.  318.     "Boston"  Type  of  Hip 
for  Shingled  Roof. 


as  shown,  thus  making  the  hip  weather-proof.  On  very  steep  roofs 
the  shingles,  instead  of  being  cut  at  right-angles  to  the  hip,  may 
have  the  butts  carried  out  straight  and  the  tin  shingles  may  be  used 
as  above  described. 

A  modification  of  this  method,  sometimes  adopted,  especially  on 
spires,  consists  in  forming  the  hips  with  i^-inch  wood  beads,  nailed 
to  the  boarding  on  the  lines  of  the  hips  and  covered  with  long  strips 

of  tin  or  sheet  lead,  10  inches  wide, 
turned  over  the  bead  and  spread  out  on 
the  roof,  as  at  B.  The  edges  of  the 
shingles  are  lapped  over  the  flashing 
and  laid  close  against  the  1^4 'inch 
bead.  When  care  is  taken  to  have  the 
beads  perfectly  straight  the  result  is  a 
good  hip-construction. 

The    third    and    cheapest    method, 
sometimes  called  the  "Boston-hip*'  con- 
struction, consists  in  laying  a  course  of 
4  or  5-inch  shingles  parallel  with  the 
hip  and  over  the  other  shingles,  as  shown  in  Fig.  318,  the  hip-shingles 
lapping  each  other  alternately,  as  shown  at  AA, 

The  hips  and  ridges  of  a  roof  are  not  very  apt  to  leak,  but  unless 
the  shingles  are  well  secured  they  are  liable  to  be  blown  off.  It  is 
easier  to  make  the  hips  "straight"  by  means  of  a  hip-roll  than  by 
the  other  method. 

204.  DECK-MOLDINGS  FOR  SHINGLED  ROOFS.  When 
a  shingle  roof  terminates  under  a  deck  root  covered  with  tin  or 
copper,  the  best  method  of  finishing  the  edge  of  the  deck  roof  is 
by   means  of   a  gal- 

vanized-iron    or   cop-         i  ■■"■"ii    \'^ 

per  molding,  extend- 
ing onto  the  shingle 
roof  as  shown  in  Fig. 
319,  the  tin  or  copper 
roofing  being  locked 
and  soldered  to  the 
top  of  the  molding. 
A  wooden  crown- 
molding  may  be  used 

in  place  of  the  metal  molding,  the  roofing  extending  over  the  top; 
but  the  metal  mold  is  much  to  be  preferred. 

If  a  railing  or  cresting  of  any  kind  is  to  be  put  around  the  edge 
of  a  deck  or  tinned  roof,  it  may  be  secured  to  the  roof  in  the  fol- 
lowing manner :     Blocks  of  wood  of  the  proper  size  to  receive  the 


Fig.  319. 
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Deck-Mold- 

Fig.    320,    Detail    of 
Finish.      Angle     of 

ing. 

Cambrel    Roof. 
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uprights  are  nailed  over  the  tin  or  copper  roofing  to  which  they  are 
soldered  after  being  themselves  covered  with  tin  or  copper.  The 
uprights  may  then  be  screwed  to  these  wooden  blocks  by  brass 
screws. 

The  angle  formed  by  the  two  slopes  of  a  gambrel  roof  is  gen- 
erally finished  with  a  molding  as  shown  in  Fig.  320,  a  small  mold- 
ing being  used  as  the  joint  is  intended  to  be  inconspicuous. 

205.  FLASHINGS  FOR  SHINGLED  ROOFS,  i.  Flash- 
ings  in  General.  If  a  good  quality  of  shingles  is  used  and  ordinary 
care  exercised  in  laying  them,  there  should  be  no  danger  of  leaks 
in  roofs  of  ordinary  slope.  Leaks  are  most  frequent  in  the  joints 
around  chimneys,  dormers  or  skylights  and  in  valleys,  and  special 
care  should  be  taken  to  avoid  them  in  the  finished  work.  The  only 
way  in  which  these  places  can  be  made  tight  is  by  the  use  of  "flash- 
ings," that  is,  pieces  of  sheet  tin,  zinc,  copper  or  lead. 

All  tinwork,  including  flashings,  should  be  done  by  a  competent 
metalworker. 

For  shingled  roofs  tin  of  the  very  best  quality  or  14-ounce  zinc 
should  be  used  for  flashings  and  3  or  4-pound  sheet  lead  for  counter- 
flashings,  although  high-grade  tin  is  often  used  for  the  latter  also. 
Wherever  tin  is  used,  the  flashings  should  be  turned  up  to  the 
proper  shape,  well  painted  on  both  sides  and  allowed  to  become 
thoroughly  dry  before  using. 

The  use  of  zinc  for  flashings  appears  to  be  confined  to  the  East- 
em  States,  where  it  is  considered  by  some  superior  to  tin  and  often 
used.  The  roofers  in  the  Rocky  Mountain  States  claim  that  in  the 
rain-water  of  those  states  there  is  a  certain  amount  of  alkali  which 
eats  away  zinc  but  does  not  affect  tin.  Whether  this  is  true  or  not 
the  author  does  not  know,  but  no  zinc  is  used  there  for  flashings 
and,  in  general,  tin  appears  to  be  the  common  flashing-material 
throughout  the  country.  One  of  the  best  stamped  brands  of  tin 
should  be  specified,  and  it  will  be  more. durable  if  painted  on  the 
under  side  before  using. 

For  slate  roofs  i6-ounce  copper  should  be  used,  as  it  is  much 
more  durable  than  tin  or  zinc.  For  shingle  roofs  it  is  not  generally 
used.  For  all  counterflashings  built  or  let  into  masonwork,  sheet 
lead  should  be  specified.  For  open  valleys  on  large  roofs  the  author 
has  often  used  galvanized  iron,  frequently  bent  to  the  form  shown 
in  Fig.  321,  the  small  ridge  in  the  middle  being  made  to  prevent 
nails  from  being  driven  through  the  iron  by  the  workmen  walking 
in  the  valley.  Tin  valleys  are  often  punctured  in  this  way.  It  has 
been  the  experience  of  many,  however,  that  galvanized  iron  is  un- 
satisfactory for  valleys  or  gutters,  owing  to  the  difficulty  of  keeping 
the  seams  or  joints  tight.    The  soldered  seams  in  this  metal  split 
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open  more  easily  than  they  do  in  any  other.  This  is  true,  also,  of 
copper,  although  it  is  possible  to  make  copper  seams  more  secure 
than  those  of  galvanized  iron.  Some 
prefer,  therefore,  for  work  of  this  na- 
ture, a  high  grade  of  tin  plate. 

2.  Flashing  of  Valleys.  For  form- 
ing valleys  there  are  two  methods  in 
common  use.  One  metliod,  generally 
used  with  shingle  roofs,  consists  in  lining 
the  valley  with  long  strips  of  tin  or 
zinc,  laid  through  its  whole  length 
and  locked  and  soldered  together  at 
.  then  nailed  at  the  edges  to  the  roof- 
boarding,  about  every  12  inches  and  the  shingles  are  laid  over  its 
edges  from  4  to  6  inches,  leaving  an  "open  valley"  6  or  8  inches 
wide,  as  as  A,  Fig.  322.  On  roofs  having  a  pitch  of  45  degrees 
or  more  the  lining  should  be  at  least  18  inches  wide,  and  on  roofs 
of  less  pitch,  at  least  20  inches  wide. 

The  second  method  is  used  for  what  is  known  as  a  "close  valley" 
or  "closed  valley."  Trapezoidal  pieces  of  tin  or  zinc  are  cut  out, 
usually  15  inches  at  the  top,  10  inches  at  the  bottom  and  9  inches 


of  0[Kn  Vel- 


the  joints.     This  lining  i 
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long  for  16-inch  shingles,  and  shingled  into  each  of  the  courses. 
These  flashing-pieces  are  bent  in  the  middle  and  extend  up  on  each 
side  of  the  valley-angle  to  which  the  shingles  are  laid  close,  so  that, 
when  completed,  it  appears  as  shown  at  B,  Fig.  322.  Close  valleys 
are  generally  preferred  in  the  best  work  because  of  their  more  pleas- 
ing appearance  and  on  steep  roofs  they  can  be  made  tight ;  but  open 
valleys  are  more  commonly  used  for  shingle  roofs  of  ordinary 
buildings  and  when  the  pitch  is  less  than  45  degrees  they  are  con- 
sidered less  likely  to  leak.  From  a  constructional  point  of  view 
and  aside  from  the  question  of  appearance,  closed  valleys  are  con- 
demned by  some  first-class  roofers,  because  particles  of  dust  and 
dirt  lodge  in  the  joints  and  retain  moisture.     There  is  very  little 
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opportunity  for  valleys  of  this  type  to  dry  out,  and  the  flashings 
consequently  rust  through  in  a  few  years  causing  trouble  and  en- 
tailing considerable  expense  for  their  renewal. 

The  flashing  against  wooden  dormers  or  any  wooden  wall  should 
be  done  by  working  "tin  shingles,"  about  7  inches  square,  into  each 
course.  These  "shingles"  should  be  bent  in  the  middle  to  form  a 
right  angle  so  that  one-half  can  be  worked  under  the  shingles  on 
the  roof  and  the  other  half  under  the  shingles  or  siding  on  the  wall, 
thus  forming  a  sort  of  valley.  If  the  pitch  of  the  roof  is  less  than 
45  degrees  the  flashing  should  extend  at  least  4  inches  onto  the 
roof.* 

The  best  method  of  flashing  under  the  dormer-window  sills, 
where  leaks  are  likely  to  occur,  was  explained  in  Art.  129. 

3.  Flashing  against  Brickwork  and  Stonework.  Flashings 
against  chimneys,  or  where  a  roof  abuts  against  a  brick  or  stone 
wall,  are  put  on  in  the  same  way  they  are  placed  against  wooden 
walls,  except  that  the  flashings  should  be  not  less  than  7  inches  wide 
and  should  be  covered  by  "counterflashings." 

These  counterflashings  consist  of  pieces  of  metal,  preferably  3 
or  4-pound  sheet  lead,  wedged  or  built  into  the  joints  of  the  mason- 
work  and  turned  down  over  the  flashings.  They  should  be  placed 
at  least  6  inches  above  the  roof,  and  in  places  where  snow  is  likely 
to  lodge,  correspondingly  higher.  It  is  much  better  to  build  the 
counterflashings  into  the  joints  of  the  masonwork  as  the  latter  is 
laid,  as  they  are  then  more  securely  held  and  as  tighter  joints  can 
be  made.  When  they  are  not  built  in,  the  joints  should  be  raked 
out  and  the  counterflashings  inserted  and  wedged  with  metal,  the 
joints  being  tightly  pointed  with  elastic  cement.  The  bottom  of 
the  counterflashings  should  be  not  more  than  i  inch  above  the  roof. 

Fig.  323  shows  flashing  against  a  brick  wall  and  into  the  "raggle- 
block."  t  The  flashing  is  calked  with  oakum  and  cement  into  the 
groove  in  the  block.  It  is  claimed  that  no  counterflashing  is  re- 
quired with  this  construction. 

Behind  the  chimney  a  "cricket"  or  "saddle"  should  be  built  and 
covered  with  metal  to  prevent  snow  and  water  from  lodging  there. 
Fig  324  shows  a  portion  of  a  chimney  flashed  according  to  the 
method  above  described,  which  is  the  same  for  either  shingles  or 
slates. 

At  the  back  of  towers,  or  in  place  where  snow  is  apt  to  remain, 

*  The  common  size  of  tin  shingles  for  flashing  is  5  by  7  inches,  the  shingles  being 
laid  lengthwise  on  the  roof  and  turned  up  2^  inches.  This  is  the  smallest  size  that 
should  be  used;  and  in  exposed  places  or  on  rather  flat  roofs  they  should  be  larger, 
about  7  by  10  inches,  for  example,  so  that  they  may  be  cut  without  waste  from  a  sheet  of 
ao  by  28-inch  tin. 

t  Manufactured  by  the  Campfleld  Raggle  Block  Company,  Richmond,  Ind. 
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the  flashings  should  be  carried  high  enough  on  both  the  roof  and 
the  walls  to  prevent  the  water  from  the  meltii^  snow  from  rising 
above  it.  The  joints  should  be  locked  and  soldered  as  in  the  flash- 
ing of  an  open  valley. 

Where  a  shingle  roof  comes  against  a  stone  or  brick,  gable- 
wall,  finished  with  a  stone  or  terra-cotta  coping,  the  bottom  of  the 
ceding  should  be  kept  at  least  4  inches  above  the  shingles  and  the 


Fis-  3'3-     Fluhing  AgainBt  Brick  Wall  Into  Ranle-Block. 

flashings  should  extend  to  within  yi  an  inch  of  the  coping.  The 
counterflashing  should  be  laid  in  the  joint  before  the  coping  is 
set  and  the  coping  should  project  over  it. 

Where  there  is  a  large  stone,  such  as  a  "kneeler,"  or  "finial,"  a 
groove  should  be  cut  in  the  back  of  the  stone,  on  a  line  with  the  bot- 
tom of  the  coping  and  the  counterflashing  wedged  into  the  groove 
and  pointed  with  elastic  cement.  Such  places  on  large  roofs  are  fre- 
quently a  source  of  trouble  and  the  flashing  and  counterflashing 
should  be  done  with  the  greatest  care. 

The  curbs  of  skylights  and  all  parts  rising  from  or  coming  against 
a  roof  should  be  carefully  flashed.  If  the  young  architect  wishes  to 
establish  a  reputation  for  tight  roofs  he  must  be  very  particular 
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Fig.  324.     Chimney-Flashing  and  Counterflashing. 
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to  specify  suitable  flashing  and  counter-flashing,  of  ample  width, 
as  the  builder  will  not  be  likely  to  put  in  more  than  is  required. 
(See,  also,  Art.  140.) 

206.  SNOW-GUARDS  FOR  ROOFS.  Snow-guards  are  small 
obstructions  used  on  pitched  roofs  and  usually  made  of  copper  or 
galvanized- steel  wire.  They  may  be  placed  over  the  entire  roof  or 
over  a  part  of  it  to  hold  the  snow  where  it  falls,  allowing  no  portion 
of  it  to  move.  The  whole  mass  of  snow  is  thus  held  in  place  until  it 
is  melted  by  the  sun  or  the  heat  of  the  building  and  carried  off  as 
water  through  the  usual  channels.  Besides  diminishing  the  danger 
to  passers-by  from  sliding  snow,  it  prevents  the  snow  from  bankit^ 


Fit.  jas-    The  FoIkhh  SnowGiurd.  Fig-  3'^-     The  Oilman  Snow-Guird. 

Up  at  the  eaves  where  it  sometimes  forms  a  pocket  or  dam  into  which 
the  water  runs  and  flows  back  under  the  slate  or  other  roof -covering 
and  damages  the  interior  of  the  building.  Fig.  325  shows  the  snow- 
guards  made  by  the  Folsom  Snow  Guard  Company,  of  Boston, 
Mass.,  and  applied  to  a  slate  roof. 
The  following  is  a  table  for  the  use  of  these  snow-guards : 


TABLE  IX. 

Number  of  Snow-Guabds  Per  Square  for  Different  Roof- 
Pitches. 


Fitch  o(  roof. 

»„™,r. 

Otd   roof. 

§SS"'..-.:;::: 

GO 
7B 

One  in  every  joinl. 

19G 
One  in  everj.  jdn.. 
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In  applying  these  snow-guards  the  undereaves  course  of  slate 
is  laid  in  the  usual  way;  but  in  laying  the  overeaves  course,  the 
joints  between  the  slates  are  left  open  in  order  to  leave  room  for 
the  shanks  or  body-parts  of  the  guards.  The  next  course  is  then 
lined  out ;  but  before  it  is  laid  the  guards  are  put  in  by  placing  the 
snow-stop  or  loop-part  of  the  guard  just  below  the  line,  with 
the  prong,  or  drive-point,  in  the  joint  between  the  two  slates,  and 
by  driving  it  into  the  roof.  The  course  of  slate  is  then  laid.  The 
guards  are  applied  in  the  other  courses  in  the  same  way. 

There  are  other  types  and  forms  of  snow-guards  for  roofs  on 
the  market.  Fig.  326  shows  the  Gilman  snow-guard  made  by  the 
U.  T.  Hungerford  Brass  and  Copper  Company  of  Philadelphia, 
Pa.  The  drawing  shows  the  guards  in  place  on  the  roof  and  also 
a  larger  detail  of  the  end  and  side  view. 

207.  TIN  ROOFS.  I.  Preparation,  Sheathing-paper,  Brands. 
It  was  not  the  purpose  of  the  author  in  this  book  to  describe  meth- 
ods of  roofing  with  any  materials  other  than  shingles,  as  he  pro- 
posed to  treat  the  subject,  which  is  an  important  one,  in  another 
volume;  but  as  porch-roofs  are  very  commonly  covered  with  tin, 
it  was  decided  that  a  short  description  of  such  roofs  would  be 
serviceable  here. 

Before  applying  the  tin  all  uneven  edges  of  the  boarding  should 
be  smoothed  off  and  the  boarding  covered  with  at  least  one  thick- 
ness of  sheathing-paper  or  dry,  not  tarred,  felt,  more  to  form  a 
cushion  than  for  any  other  purpose.  If  there  are  knot-holes  in 
the  boarding  they  should  be  covered  with  pieces  of  heavy,  gal- 
vanized iron.  The  tin  should  be  of  one  of  the  best  brands  and  only 
those  which  have  the  trade-mark  stamped  on  each  sheet  should  be 
used.     The  under  side  of  the  tin  should  be  painted  before  it  is  laid. 

2.  Laying  Tin  Roofs, 
^l  When  tin  is  laid  on  a  flat 

^^^^^^^^^^^^P^P^^   Cleat  ^^^^  ^^  ^^  customary  to  use 

"^ool^^^^^^^gj^gg^^^^        "flat    seams";    that    is,    the 

BoaLrd.*b  ^^^^^^^^^S    four  edges  of  the  tin  sheets 

or  Tile.     /\      ^  ^      are  turned  over  so  as  to  lock 

together,  as  shown  in   Fig. 
327.    After  fastening  the  tin 
to  the  boarding,  the  seams 
Fig.  327.   "Flat-Seam"  Tin  Roofing.  are  pounded  flat  and  solder- 

ed, thus  making  one  large 
sheet  of  tin  covering  the  roof.  Occasionally  a  double-lock  seam  is 
used,  but  for  ordinary  purposes  the  single  lock  shown  is  sufficient. 
The  tin  is  usually  laid  in  courses  across  the  roof,  using  14  by  20  or 
20  by  28-inch  sheets.    The  side  seams  are  made  first  and  the  next 
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course  is  locked  to  the  one  below  it.  Each  course  should  be  fastened 
to  the  roof  at  the  top,  a  common  method  of  fastening  being  to  nail 
the  sheets  to  the  roof  by  short,  wire  nails  driven  under  the  turned- 
over  edge  'of  the  tin,  as  shown  at  B. 

This  method  of  fastening,  however,  is  objectionable,  as  it  causes 
the  tin  to  form  in  waves  as  it  expands  and  there  is  also  some  danger 
that  the  tin,  in  expanding,  will  draw  the  nails.  A  better  method 
of  fastening  the  sheets  to  the  roof  is  by  means  of  strips  of  tin,  about 
iJ/2  by  4  inches,  called  "cleats."  These  cleats  are  locked  over  the 
upper  edge  of  the  sheets  at  intervals  of  about  8  inches  and  then 
nailed  to  the  roof,  as  shown  at  A;  when  the  next  sheet  above  is 
laid,  the  cleat  is  concealed.  These  cleats  permit  the  roofing  to  ex- 
pand and  rise  somewhat  without  stressing  the  tin  or  drawing  the 
nails  and  they  are  recommended  for  good  work. 

After  all  the  sheets  are  laid  the  seams  are  pounded  down  with 
a  wooden  mallet  and  all  the  joints  well  soldered.  For  soldering, 
rosin  only  should  be  used  as  a  flux,  as  acid,  which  is  easier  to  use, 
is  liable  to  destroy  the  tin.  Before  the  roof  is  painted  all  rosin 
should  be  wiped  or  scraped  off. 

For  large  roofs,  provision  for  expansion  should  be  made  by  the 
use  of  "standing  seams."  To  apply  standing-seam  roofing,  the 
sheets  are  first  locked  together  in  the  shop,  end  to  end,  in  long  rolls 
that  reach  from  eaves  to  ridge.  The  sloping  seams  are  formed  by 
turning  up  the  adjacent  edges  of  these  rolls  at  right-angles;  and 
those  two  "upstands"  are  interlocked  by  forming  a  seam  at  the 
upper  edge  and  they  are  held  to  the  roof  by  cleats.  The  standing 
seams  are  not  soldered  but  are  simply  locked  together  with  the 
cleats  folded  in  at  intervals  of  about  one  foot.  Nails  should  be 
driven  into  the  cleats  only.  The  outer  edges  of  the  tin  roofing 
should  be  turned  over  the  upper  edge  of  the  wooden  cornice  and 
nailed  about  every  2  or  3  inches;  or,  if  it  connects  with  a  metal 
gutter,  the  two  should  be  locked  and  soldered  together.  Whenever 
a  tin  roof  abuts  against  a  wall  or  chimney  the  tin  should  be  turned 
up  a  sufficient  distance,  at  least  4  inches,  to  prevent  water  from 
rising  over  it;  and  against  a  brick  wall  it  should  be  counterflashed 
with  sheet  lead,  as  described  in  Art.  205.  When  against  wooden 
walls  the  roofing  should  be  turned  up  against  the  boarding  and  the 
aiding  or  shingles  laid  over  it.  The  tin  should  be  turned  up,  also, 
against  all  balcony-posts  (see  Art.  197)  and  the  edges  at  the  angles 
should  be  well  soldered. 

All  tin  roofs  should  be  painted  within  a  few  days  after  they  are 
laid,  either  with  red  lead,  red  oxide,  Venetian  red,  or  metallic  brown, 
in  linseed-oil. 

A  tin  or  copper  roof  should  never  be  used  as  a  floor  unless  it  is 


SUPERINTENDENCE.  337 

covered  with  a  movable  floor  made  of  slats,  as  described  in  Art.  197. 

208.  COPPER  ROOFS.  Copper  roofs  are  laid  in  the  same 
way  as  tin  roofs  and  the  remarks  in  the  preceding  article  apply  as 
well  to  copper  as  to  tin,  except  that  it  is  not  customary  to  paint 
copper  roofing. 

209.  ASBESTOS  SHINGLES.  Asbestos  shingles,  made  of 
asbestos  and  cement,  have  been  largely  used  in  recent  years  in  place 
of  wood  shingles,  slate,  tile  and  other  roofing-materials  and  wall- 
coverings. They  are  practically  indestructible  by  the  elements,  are 
tough  and  elastic  and  can  be  laid  on  any  ordinary,  roughly  sheathed 
roof.  The  asbestos  "Century"  shingles  have  been  extensively  sold 
in  Europe  under  the  name  of  "Eternit  Slates."  They  may  be  ex- 
posed to  the  action  of  sea-air  or  sea-water  without  undergoing 
deterioration  or  change.  They  are  also  fire-resisting  to  a  marked 
degree.  They  may  be  painted  if  desired,  but  this  is  not  necessary 
for  their  preservation.  They  are  made  in  a  uniform  thickness  of 
j/i  of  an  inch  and  of  varying  sizes  and  shapes,  common  sizes  being 
4  by  8,  8  by  8,  6  by  12,  12  by  12,  8  by  16  and  16  by  16  inches. 

210.  SLATE,  TILE,  GRAVEL,  COMPOSITION,  ETC., 
ROOFS.  It  is  not  the  purpose  to  include  in  this  volume  of  build- 
ing-construction and  superintendence  all  the  various  materials  used 
for  roofing.  Shingles  and  tin  have  been  briefly  discussed,  as  on 
frame  buildings  they  are  used  more  frequently  than  other  materials. 
For  notes  on  slate,  tile,  composition,  etc.,  for  roofing,  see  "Archi- 
tects' and  Builders'  Pocket-Book,"  F.  E.  Kidder. 

211.  SUPERINTENDENCE  OF  OUTSIDE  FINISH  AND 
ROOFING.  I.  Materials,  Joints,  Nailing,  etc.  The  superin- 
tendence of  the  various  details  of  construction  in  wood  described 
in  this  chapter  is  ordinarily  quite  a  simple  matter,  although  the 
work  should  be  carefully  inspected  every  two  or  three  days  to  see 
that  the  material  is  of  the  quality  specified  and  that  the  work  is 
being  executed  in  accordance  with  the  full-size  details.  The  super- 
intendent should  see  that  lookouts  or  f  urring-blocks,  where  required, 
are  not  spaced  too  far  apart,  that  they  are  well  nailed  and  that  the 
finish  is  properly  secured.  He  should  see  that  the  various  members 
are  put  together  in  such  a  way  that  the  joints  will  not  be  exposed  to 

.  the  weather;  and  wherever  a  particularly  tight  joint  is  required, 
that  the  parts  are  painted  with  white  lead,  slightly  thinned  with 
linseed-oil.  For  all  work  exposed  to  the  weather  it  is  better  to  use 
white  lead  and  screws  than  to  use  glue.  It  is  important  to  see  that 
the  shingles  or  clapboards  are  thoroughly  nailed.  It  is  not  un- 
common for  shingles  to  be  blown  from  the  roof  for  lack  of  proper 
nailing.  It  is  advisable  to  measure  the  "exposure"  of  the  shingles 
to  see  that  it  corresponds  with  the  specifications. 
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2.  Gutters,  Conductors,  Sheathing-Paper,  etc.  When  the  gfut- 
ters  are  to  be  lined  with  tin,  the  superintendent  should  not  forget 
to  see  that  the  "fall"  of  the  bottom  of  the  gutter  is  sufficient  and 
in  the  right  direction.  If  the  position  of  the  conductors  is  not  indi- 
cated on  the  drawings  he  should  locate  them  before  the  gutters  are 
formed.  He  should  be  sure  that  the  kind  of  sheathing-paper  speci- 
fied is  put  on  the  walls  and  roof  and  properly  lapped  and  that  tight 
joints  are  made  around  all  windows. 

3.  Quality  of  Metalwork,  Painting,  etc.  Of  the  outside  work, 
the  metalwork  and  flashing  require  the  closest  inspection.  Many 
builders  and  metalworkers  are  so  used  to  doing  a  certain  grade  of 
work  that  when  anything  better  is  specified  they  are  apt  to  overlook 
it,  if  given  an  opportunity,  and  to  go  ahead  in  the  usual  way.  As 
a  general  thing  the  cheapest  tin,  the  lightest  galvanized  iron  and 
the  smallest  quantities  that  will  possibly  answer,  are  used  where 
some  contractors  have  their  own  way.  The  specifications,  therefore, 
should  always  provide  for  a  particular  brand  of  tin,  one  that  is 
stamped  on  every  sheet  and  for  a  certain  thickness,  or  gauge-number, 
of  galvanized  iron;  and  it  is  the  duty  of  the  superintendent  to  see 
that  these  are  supplied.  He  should  be  careful  to  see  that  the  tin  or 
iron  is  painted  on  the  under  side  before  it  is  put  in  place,  that  the 
metal  is  of  the  width  specified  or  shown  on  the  drawings,  particu- 
larly in  the  valleys,  and  that  all  joints  are  well  soldered. 

4.  Flashing  and  Count erflashing.  The  flashing  requires  the 
closest  scrutiny,  for  if  this  is  improperly  done  there  will  be  great 
danger  of  leaks.  A  leaky  roof  tends  to  injure  an  architect's  repu- 
tation and  to  be  a  source  of  great  annoyance.  In  some  parts  of 
the  country  the  counterflashing  around  a  chimney,  or  where  a  roof 
joins  a  brick  or  stone  wall,  is  often  omitted;  or,  if  used  at  all,  is 
made  with  tin  and  in  a  very  slovenly  way.  It  is  always  safest  and 
best  to  specify  lead  counterflashings,  "built  in,"  as  then  there  is 
little  chance  for  a  poor  job.  The  flashings  behind  the  chimney  are 
also  often  left  perfectly  level,  causing  the  tin  to  rust  and  often  to 
leak.  A  wide  chimney  should  always  have  a  "cricket"  behind  it 
and  a  narrow  one  should  have  the  flashing  pitched  at  least  an  inch 
to  one  side.  Another  common  fault  in  flashing  is  that  the  tin 
shingles  are  cut  too  small  and  as  a  result  can  be  turned  up  against 
the  chimney  or  wall  about  2  inches  only.  For  this  reason  it  is  best 
to  specify  the  size  of  the  tin  shingles  that  are  to  be  used.  (See  foot- 
note with  Art  205.) 

When  counterflashing  is  put  in  after  the  walls  are  built,  the 
superintendent  should  see  that  it  is  firmly  wedged  into  the  joints 
and  that  the  latter  are  pointed  with  cement.  The  flashing  against 
gable- walls  that  extend  above  the  roof  (see  Art.  205)   should  be 
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given  particular  attention,  as  these  places  are  even  more  apt  to 
leak  than  those  around  the  chimneys.  If  the  architect  wishes  to  be 
sure  that  he  will  have  no  trouble  with  leaks,  he  must  not  pass  the 
flashing  by  with  a  glance,  but  examine  it  carefully  in  all  its  parts, 
as  a  single  defect  may  cause  a  great  amount  of  trouble. 

5.  Leaks  in  Roofs.  On  large  roofs,  or  roofs  that  are  much 
broken  up,  the  superintendent  should  caution  the  workmen  about 
leaving  shingle-nails  in  the  gutters  and  valleys,  as  they  are  frequently 
the  source  of  leaks.  The  workmen  are  apt  to  step  on  them  and 
push  them  through  the  tin  or  copper.  This  danger  appears  to  be 
greater  on  large  than  on  small  roofs. 

6.  Tin  Roofs.  With  a  tin  roof  the  matters  that  need  watching 
are,  the  quality  of  tin,  the  fastening  to  the  roof  and  the  rejection 
of  acid  as  a  flux  in  soldering.  Many  of  these  points  seem  trivial 
and  the  inexperienced  architect  is  apt  to  think  that  the  builder 
will  look  after  them  for  his  own  reputation,  while  he,  the  architect, 
is  more  interested  in  the  ornamental  part  of  the  woi:k  and  in  seeing 
"how  it  is  coming  out."  While  there  are  builders  who  do  care  for 
their  own  reputation,  there  are  also  a  great  many  who  appear  to 
think  that  anything  that  will  pass  is  "good  enough,"  and  who,  if 
they  do  not  willfully  slight  the  work,  are  very  careless,  to  say  the 
least.  As  the  owner  looks  to  the  architect  to  see  that  the  work 
is  well  done,  the  latter  will  find  it  is  to  his  own  interest  to  inspect 
every  portion  of  the  work  very  carefully  to  see  that  everything  is 
carried  out  as  specified,  even  if  the  builder  does  say  that  he  is  "too 
particular,"  and  that  "it  is  all  nonsense." 


Chapter  V. 


Interior  Woodwork. 


I.    ROUGH  WORK. 

212.  TIME  OF  PUTTING  IN  THE  ROUGH  WORK.  The 
underfloors  are  generally  laid  as  soon  as  the  joists  are  in  place  and 
bridged,  and  all  bearing  partitions,  or  at  least  enough  of  them  to 
support  the  floor-timbers,  are  set  at  the  same  time;  but  all  other 
rough  interior  woodwork  is  usually  left  until  the  building  is  enclosed 
and  protected  from  the  weather. 

213.  UNDERFLOORS  OR  SUBFLOORS.  In  some  parts  of 
the  country  it  is  customary  to  lay  a  rough  underfloor  in  every  build- 
ing that  has  wooden  floors;  in  other  parts  underfloors  are  seldom 
laid  except  in  the  very  best  buildings.  However,  the  saving  in  cost 
effected  by  omitting  them  is  usually  very  slight,  while  there  are 
several  advantages  in  their  use.  In  the  first  place,  an  underfloor, 
especially  if  laid  diagonally,  greatly  stiffens  the  building  during  its 
construction,  and  it  is  not  only  a  great  convenience  to  the  workmen 
but  also  allows  the  laying  of  the  overfloor  or  finished  floor  to  be 
postponed  until  the  building  is  nearly  finished.  Moreover,  without 
an  underfloor  it  is  impossible  to  introduce  any  efficient  dtadening- 
materials  unless  boards  are  cut  in  between  the  joists.  For  these 
reasons  it  is  advisable  to  specify  underflooring  whenever  the  limit 
of  cost  will  permit,  even  if  some  ornamentation  has  to  be  omitted. 

Before  laying  the  subfloor,  the  joists  should  be  leveled,  as  the 
surface  on  which  hard-wood  flooring  is  to  be  laid  must  be  level  and 
smooth.  If  the  floor  is  not  level,  the  nails  will  work  loose  in  the 
low  spots  and  the  surface  will  become  uneven.  This  will  cause 
the  hard-wood  floor  to  "give"  when  walked  upon  and  make  it  creak. 
The  creaking  is  invariably  blamed,  although  unjustly,  upon  loose 
matching. 

These  suggestions  should  be  borne  in  mind,  also,  when  laying  hard- 
wood floors  over  old,  pine  floors,  as  the  surface  must  be  level  in 
order  to  get  good  results. 

The  cheapest  kind  of  lumber  may  be  used  for  underflooring. 

340 
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Spruce  is  sometimes  used,  but  hemlock  is  the  wood  generally  em- 
ployed in  the  eastern  and  northern  states  and,  so  long  as  it  is  sound, 
native  pine- in  the  western  states.  The  boards  should  be  dressed 
on  one  side  to  a  uniform  thickness  and  the  narrower  they  are  the 
better.  The  usual  thickness  is  }i  of  an  inch  and  the  width  runs 
up  to  6  inches.  The  manufacturers  of  hard-wood  flooring  advocate 
from  4  to  6-inch  tongued-and-grooved  pine.  In  the  better  class  of 
buildings  the  boards  should  be  laid  diagonally  across  the  joists. 
Pieces  of  scantling  are  often  cut  in  between  the  joists  at  the  walls 
to  support  the  ends  of  the  floor-boards  in  case  the  latter  are  laid 
close  to  brick  walls  or  to  the  outside  boarding  of  stud-walls;  and 
these  floor-boards  are  sometimes  cut  around  the  studs.  But,  aside 
from  the  difficulty  of  concealing  any  cracks  or  openings  between 
the  flooring  and  the  base-board  when  the  floor-boards  do  not  run 
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back  under  the  base,  it  is  better  to  leave  a  space  all  around  the  room 
and  outside  of  the  subfloor  to  allow  for  some  swelling.  This  space 
will  be  concealed  from  view  by  the  base  and  the  quarter-round 
when  the  floor  is  flnished.  It  costs  a  little  more  to  lay  underfloor- 
ing  diagonally  on  account  of  the  waste  at  the  ends;  but  it  greatly 
stiffens  the  building  and  gives  a  much  smoother  surface  to  the  over- 
floor,  especially  if  it  is  matched.  The  boards  should  be  nailed 
securely  over  every  bearing  with  two  eightpenny  nails,  but  should 
not  be  driven  so  tightly  together  that  they  cannot  swell  without 
bulging.  When  laid  they  should  be  swept  clean  and  allowed  to  dry 
thoroughly.  It  is  advisable  to  lay  a  good  water-proof  paper  on  the 
subfloor  or  if  it  is  necessary  to  deaden  the  sound,  especially  in  the 
upper  stories,  a  good  deadening-felt  should  be  used.  If  furring- 
strips  are  used  on  the  subfloor,  they  should  be  nailed  securely  to 
the  joists,  and  leveled,  (For  data  relating  to  "Overfloors  or 
Finished  Floors,"  see  Art.  319  and  following  Articles.) 

214.    PREPARATIONS    FOR    TILE    FLOORS,    i.    Fouti^ 
daiioHS  for  Tile  Floors.    A  good  foundation  is  always  necessary; 


342 


BUILDING-CONSTRUCTION. 


(Ch.  V) 


it  should  be  solid,  perfectly  level,  and  free  from  spring  or  vibration. 
Tiles  must  always  be  laid  upon  a  concrete  foundation,  prepared 
from  the  best  quality  Portland  cement  and  clean,  sharp,  washed 
sand  and  gravel. 

2.     TUe  Floors  m  New  Buildings.    When  tiles  are  laid  on  joists 
in  new  buildings,  the  joists,  if  possible,  should  be  set  5  inches  below 


Fig.  129.    Tile  Floors 


>  Old  Building* 


the  intended  "finished"  floor-line;  and  they  should  be  spaced  12 
inches  on  centers,  thoroughly  bridged  to  make  a  stiff  floor  and  cov- 
ered with  i-inch  rough  boards,  not  over  6  inches  wide,  3  inches 
being  preferable.  These  boards  should  be  laid  about  J^  of  an  inch 
apart  at  the  joints  to  allow  for  swelling  and  should  be  thoroughly 
nailed.  (See  Fig.  328.)  A  layer  of  roofing-paper  on  top  of  the 
rough  floor  will  protect  the  boards  from  the  moisture  of  the  con- 


Fig.  330.    Tile  Heai 


Crete,  and  prevent  moisture  from  ^dripping  through  to  the  ceiling 
below. 

3.  Tile  Floors  in  Old  Buildings.  Cleats  are  nailed  to  the  joists 
5  inches  below  the  intended  "finished"  floor-line,  and  short  pieces  of 
boards,  not  over  6  inches  wide,  J^  of  an  inch  apart,  fitted  in  between 
the  joists  upon  the  cleats  and  well  nailed.  The  joists  must  be 
thoroughly  bridged.     Roofing-paper  should  be  laid  as  above  directed. 
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The  corners  on  the  upper  edges  of  the  joists  should  be  chamfered 
off,  so  as  to  leave  a  sharp  point  (see  Fig,  329),  as  otherwise  the 
flat  surface  of  the  joists  will  make  an  uneven  foundation.  When 
the  strength  of  the  joists  will  permit,  an  inch  or  more  should  be 
cut  off  the  top.  Where  joists  are  too  weak,  they  should  be  strength- 
ened by  6-inch-wide  cleats  running  the  full  length  of  the  joists  and 
thoroughly  nailed  to  them.  When  a  solid  subfoundation  is  thus 
prepared,  concrete  is  placed  upon  it  as  above  directed. 

4.  Foundations  for  Tile  Hearths.  These  should  be  placed  upon 
brick  arches  if  possible,  to  insure  a  perfect  fire -protect  ion,  and  they 
should  be  then  covered  with  concrete  in  the  same  manner  as  tile 
floors.  (See  Fig,  330.)  If  placed  upon  a  subfoundation  of  wood, 
the  concrete  should  be  at  least  6  inches  thick.     (See  Fig.  331.) 


FiK.  3JI.    Tile  Hearth  on   Concrete  snd  Wooden  SubBoor. 

5.  Foundations  for  TUe  Wails.  A  good  foundation  is  absolutely 
necessary,  and  in  order  to  prevent  the  tile  from  coming  loose,  the 
foundation  should  be  solid,  perfectly  plumb  and  free  from  any 
spring  or  vibration  before  the  scratch-coat  is  applied. 

6.  Tiles  Placed  on  Studding.  When  tiles  are  placed  on  stud- 
ding, the  studs  should  be  spaced  15  inches  on  centers,  tboi^ 
oughly  braced  with  2  by  3  or  2  by  4-inch  scantlings,  nailed  hori- 
zontally between  the  studs  and  spaced  about  12  inches  on  centers, 
to  prevent  vibration.  The  studding  should  be  covered  with  ex- 
panded-metal  lath,     (See  Fig.  332.) 

7.  Tiles  Never  Placed  on  Wood  or  Plaster.  Tiles  must  never 
be  placed  on  wooden  lath  or  on  plaster.  If  placed  on  "plaster- 
blocks"  or  "plaster-boards"  the  blocks  should  be  driven  full  of  nails 
or  be  covered  with  wire  lath.  Plaster-block  material  does  not  form 
a  good  bond  with  cement  and  in  a  short  time  the  tiles  tend  to  come 
loose  and  drop  off. 
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215.  DEADENING  FLOORS.  In  nearly  all  inhabited  build- 
ings it  is  desirable  to  prevent  the  conduction  of  sound  through  the 
floors  or  walls,  from  one  room  to  another;  and  in  school-houses, 
office-buildings  and  apartment-houses  sound-proof  construction 
should  be  considered  necessary.  The  usual  method  of  attempting 
to  prevent  the  passage  of  sound  through  the  floors  is  by  lining  the 


?ig.  331.    Tilea  Placed  on  Studdint. 

floors  with  some  material  that  is  expected  to  absorb  and  dissipate  - 
sound-waves.  As  commonly  practiced,  however,  this  method  is 
usually  only  partially  successful,  owing  partly  to  the  failure  of  the 
lining  to  fully  accomplish  its  object,  but  to  a  greater  extent  to 
the  solid  connection  maintained  between  the  floor  and  ceiling  by 
means  of  the  nails  and  joists.  The  author  is  of  the  opinion  that 
perfect  resistance  to  sound-waves  can  be  obtained  only  when  the 
flooring  and  the  ceiling  beneath  have  no  direct  connection  by  rigid 
bodies,  either  by  contact  or  by  nailing. 

The  most  effective  sound-proof  construction  is  undoubtedly  that 
described  in  Art.  105,  where  two  sets  of  joists  are  used.  Owii^, 
however,  to  the  great  danger  of  such  construction  in  case  of  fire, 
it  is  not  to  be  recommended,  except  in  rare  instances,  and  then  only 
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when  the  ceiling  is  fire-proofed  and  all  communication  with  vertical 
air-spaces  cut  off. 

The  next  most  effective  wooden  construction,  in  the  opinion  of 
the  author,  is  that  in  which  the  overflooring  and  underflooring  are 
separated  by  an  efficient  deadening-material,  and  not  connected  by 
any  nails.  Such  a  construction  is  shown  in  Fig.  333.  Here  the 
cleats  on  which  the  overflooring  is  laid  are  merely  set  on  top  of 
the  deadening  and  not  nailed.  This  could  be  further  improved 
by  filling  the  space  between  the  cleats  with  mineral  wool  and  by 

PPERFLOOR 

^ELTot  QUILT 
DER  FLOOR 

ROSS  FURRING 

Fig.  333.     System  of  Deadening  Wliere  Over  and  Underfloori  are>U8ed. 

placing  a  layer  of  mineral  wool  i  or  2  inches  thick  on  top  of  the 
lathing. 

As  already  stated,  however,  the  common  custom  is.  merely  to  lay 
a  thickness  of  deaden  ing-material  between  the  overflooring  and 
underflooring,  and  nail  the  overflooring  through  it  and  the  under- 
flooring  into  the  joistis.  While  this  method  is  not  perfect,  if  a  good 
deadener  is  used  it  partially  accomplishes  its  object.  (See,  also. 
Arts.  192,  213  and  216  to  219.) 

216.  DEADENING-MATERIALS  IN  GENERAL.  At  this 
point  it  is  deemed  best  to  describe  the  more  common  materials  used 
for  deadening,  that  is,  for  absorbing  and  dissipating  sound-waves. 
Most  of  these  materials  are  of  the  nature  of  paper  felts ;  some,  how- 
ever, resemble  carpet-lining.  All  of  them  are  put  up  in  rolls  or 
bales,  usually  3  feet  wide  and  containing  500  square  feet.  (See, 
also,  Arts.  192,  213,  215  and  217  to  220.) 

217.  SHEATHING-QUILT.*  This  consist^  of  a  felted  mat- 
ting of  eel-grass  held  in  place 

between  two  layers  of  strong 
Manila  paper  by  quilting.  Its 
appearance  is  shown  in  Fig. 
334.  "The  long,  flat  fibers  of 
eel-grass  cross  each  other  at 
every  angle  and  form  within 
each  layer  of  quilt  innumerable 
minute  dead-air  spaces,  that  make  a  soft,  elastic  cushion.    This 

*Made  by  Samuel  Cabot  (Inc.),  Boston,  Mass. 
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gives  the  most  perfect  conditions  for  non-conduction."  Eel-grass 
is  chosen  for  the  filling  because  of  its  long,  flat  fibers,  which  espe- 
cially adapt  it  for  felting;  because  of  its  great  durability,*  and  its 
resistance  to  fire;  and  because,  owing  to  the  large  percentage  of 
iodine  which  it  contains,  it  is  repellent  to  rats  and  vermin.  This 
quilt  is  made  in  single  and  double-ply  thickness,  and  is  put  up  in 
bales  of  500  square  feet.  It  costs,  in  Boston,  $5.25  and  $6.25  per 
bale,  respectively.  It  is  also  now  made  with  a  covering  of  asbestos, 
which  renders  it  thoroughly  fire-proof.  To  obtain  the  best  results 
in  floor-deadening,  the  double-ply  should  be  used  in  the  manner 
shown  in  Fig.  333,  the  floor  "floating,"  as  it  were,  upon  the  quilt. 
The  material  is  also  very  efficient  for  heat-insulation.  When  used 
for  this  purpose  there  is  no  objection  to  nails  passing  through  it. 

Another  material  used  for  similar  purposes  is  the  Keystone  Hair 
Insulator.f  This  consists  of  thoroughly  cleansed  catties'  hair,  be- 
tween two  layers  of  strong,  non-porous  building-paper,  securely 
stitched  together.  The  hair  is  chemically  treated,  so  that  it  is  coated 
with  lime,  which  makes  the  finished  material  vermin-proof  and 
odorless.     (See,  also,  Arts.  140  and  192.) 

218.  FELT  PAPERS.  There  are  a  great  many  felt  papers  for 
lining  floors  and  a  few  are  made  fire-proof  by  means  of  chemicals. 
As  a  rule  these  felts  are  cheaper  than  Cabot's  "Quilt,'^  although  the 
saving  in  an  ordinary  residence  would  be  but  little,  and  even  among 
the  felts  themselves  there  is  quite  a  difference  in  cost.  In  choosing 
a  felt  paper  for  lining,  the  architect  should  select  one  that  is  soft 
and  elastic  enough  to  form  a  cushion,  and  the  thicker  the  felt,  pro- 
vided it  has  the  above  qualities,  the  greater  will  be  its  non-conduc- 
tion. Some  felts  are  made  water-proof  by  ao  asphalt  center,  which 
is  an  advantage  in  case  of  fire  or  leaks,  but  some  authorities  think 
that  it  is  doubtful  if  such  felts  obstruct  the  passage  of  sound  as 
well  as  felts  without  the  asphalt  center.  The  experience  of  some 
acoustical  experts  seems  to  show  that  one  of  the  best  methods  of 
deadening  is  by  a  combination  of  heavy  hair  felt  or  felt  paper  with 
sheets  of  galvanized  iron.  Two  layers  of  felt,  each  from  J/^  to  i 
inch  thick,  are  placed  on  either  side  of  a  single  layer  of  galvanized 
iron,  the  latter  resting  freely  between  the  felt  layers..  This  form 
of  construction  is  to  be  preferred  where  the  deadening-material  is 
not  attached  to  the  enclosing  woodwork.  An  additional  layer  of 
iron  and  of  felt  increases  the  effectiveness  of  the  combination. 
(See,  also.  Arts.  140,  192,  216,  217  and  219.) 

219.  SOUND-DEADENING   FELTS.    These  deadening-felts 

*  A  sai^ple  of  eel-grass  250  years  old  and  in  a  perfect  state  of  preservation,  may  be  seen 
at  Mr.  Cabot's  office. 

t  Made  by  H.  W.  JohnsManville  Co.,  New  York. 
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are  made  by  various  manufacturers.     In  one  of  these  felts  *  the 
material  itself  is  rather  hard  and  thin,  but  it  is  pressed  in  such  a 
way  as  to  form  small  indentations  or  air-cells,  as  shown  in  Fig.  335. 
This  makes  it  elastic  and  breaks 
up  the  sound-waves.     The  cost 
of    this   material    in    Boston   is 
about  $3.50  per  500  square  feet 
(See,  also,  Arts.  140,  192,  216, 
217  and  218.) 

220.  ASBESTOS  SHEATH- 
ING. Sheathing-papers  or 
building-felts,  made  of  asbestos, 
are  used  to  a  considerable  ex- 
tent for  floor-linings  and  for 
covering  the  outside  walls  of 
wooden  buildings,  principally  on 
account  of  their  fire-proof  and 
vermin-proof  qualities.  These 
papers  are  well  known  in  the 

trade  and  can  be  procured  without  difficulty.  They  are  supplied  by 
the  manufacturers  in  50  or  lOO-pound  rolls,  36  inches  wide,  on  a 
basis  of  the  following  scale  of  weights : 


F'K'  33  S>     Florian  Sound-Deadening  Felt 
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The  last  three  thicknesses  are  used  only  for  special  purposes 
where  an  unusually  thick  lining  is  desired  for  possible  fire-protec- 
tion around  exposed  flues,  for  chimney-breasts,  etc.  When  the 
weight  of  paper  exceeds  32  pounds  to  the  square  foot  it  is  known  as 
"roll-board'*  and  is  no  longer  classed  by  weight  per  100  square  feet, 
but  by  thickness. 

For  floor-linings,  16-pound  paper  is  generally  employed,  this 
weight  being  sufficiently  thick  and  strong  to  resist  ordinary  damage 
in  application  and  in  handling.  Asbestos  felts  and  building-papers 
appear  to  have  approximately  the  same  effect  in  retarding  the  pas- 
sage of  sound-waves  as  other  felt  papers  of  a  relatively  similar 
thickness  and  quality,  while  their  fire-proof  and  vermin-proof  quali- 

*  Neponset  Florian  Sound-Deadening  Felt,  made  by  W.  W.  Bird  &  Son,  East  Walpole, 
Ma«. 
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ties  are  a  distinct  advantage.  The  cost  of  asbestos  paper  and  build- 
ing-felts, while  somewhat  greater  than  that  of  the  ordinary  papers 
used  for  similar  purposes,  is  not  excessive.  The  market  price  varies 
from  2  to  2^  cents  per  pound,  depending  on  the  fluctuations  of  the 
market.  For  example,  the  cost  of  loo  square  feet  of  i6-pound 
asbestos  paper  varies  from  32  to  40  cents,  according  to  the  mar- 
ket. 

221.  MINERAL  WOOL.  There  are  at  least  two  kinds  of 
mineral  wool  made  in  this  country.  The  more  common  quality  is 
made  by  mixing  certain  kinds  of  stone  with  the  molten  slag  from 
blast-furnaces  and  converting  the  whole  mass  into  a  fibrous  state. 
The  best  slag  for  the  purpose  is  that  which  is  free  from  iron.  The 
appearance  of  the  finished  product  is  much  like  that  of  wool,  being 
soft  and  fibrous,  but  in  no  other  respect  are  the  materials  alike. 
Mineral  wool  made  from  slag  appears  in  a  variety  of  colors,  princi- 
pally white,  but  often  yellow  or  gray,  and  occasionally  quite  dark. 
The  color,  however,  is  said  to  be  no  indication  of  the  quality,  as  all 
of  the  peculiar  properties  of  the  material  are  present  in  equal  pro- 
portions in  any  of  the  shades.  The  other  kind  of  mineral  wool  is 
known  as  "rock-wool,"  and  is  made  from  granite  rock  raised  to 
3,000°  Fahr.  It  is  claimed  that  as  it  is  absolutely  free  from  sul- 
phur, it  is  the  only  odorless  wool  manufactured,  and  it  has  been 
approved  by  the  United  States  War  Department.  It  has  the  same 
general  appearance  as  that  made  from  slag,  and  is  white  in  color. 

Both  of  these  materials  consist  of  a  mass  of  very  fine,  pliant,  but 
inelastic,  vitreous  fibers  interlacing  in  every  direction  and  forming 
an  innumerable  number  of  minute  air-cells.  Its  great  value  in  the 
insulation  and  protection  of  buildings  lies  in  the  number  of  air-cells 
which  it  contains,  its  consequent  non-conduction  of  heat,  and  its 
fire-resisting  qualities.  In  wool  made  from  common  slag  92  per  cent 
of  the  volume  consists  of  air  held  in  minute  cells,  while  in  the  best 
grade  the  proportion  of  air  reaches  as  high  as  96  per  cent.  This 
confined  air  makes  it  one  of  the  best,  if  not  the  best,  of  the  non- 
conductors of  heat.  Aside  from  these  qualities  it  is  very  durable 
and  contains  nothing  that  can  decay  or  become  musty.  Being  itself 
incombustible  it  greatly  retards  the  burning  of  wooden  floors  or 
partitions  if  their  inner  spaces  are  filled  with  it. 

The  greatest  value  of  this  material  is  as  an  insulator  of  heat,  but 
it  is  also  a  valuable  non-conductor  of  sound.  In  the  opinion  of  the 
author,  however,  it  can  be  considered  only  as  a  "muffler"  of 
the  sound-waves,  for  he  can  think  of  no  practical  way  in  which  it 
can  be  used  so  as  to  separate  entirely  the  floor  and  ceiling.  It  would 
be  crushed  by  laying  floor-cleats  upon  it.  As  a  muffler  or  filling 
between  the  beams,  however,  there  is  probably  nothing  that  is 
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superior.  In  the  end,  then,  it  would  seem  that  the  most  complete 
insulation  from  sound,  without  separate  beams,  would  be  obtained 
by  "floating"  the  flooring  on  Cabot's  Quilt  or  a  very  thick  felt,  with 
the  spaces  between  the  floor-cleats  filled  with  mineral  wool. 

Mineral  wool,  when  used  alone  as  floor-deadening,  may  be  laid 
on  boards  cut  in  between  the  joists,  or  on  top  of  sheathing-lath 
when  that  material  is  used.  The  wool  should  be  at  least  2  inches 
thick.  Again,  mineral  wool  is  particularly  desirable  for  filling  the 
spaces  between  the  studs  of  outside  walls  and  partitions  and  be- 
tween the  rafters  of  the  roof.  It  may  be  used  to  great  advantage, 
also,  in  partitions  around  bath-rooms  or  water-closets,  and  around 
water-pipes  when  placed  in  partitions.  In  outside  walls  and  attic 
roofs,  as  a  protection  from  the  heat  of  summer  or  the  cold  of  winter, 
it  is  of  the  greatest  value.  By  lathing  the  under  side  of  the  rafters 
with  sheathing-lath,  and  spreading  on  top  a  layer  of  2  or  3  inches 
of  mineral  or  rock-wool,  the  comfort  of  the  room  below  will  be 
greatly  increased.  Flat  roofs  over  inhabited  rooms  may  be  covered 
with  rough  boards  and  i^-inch  cleats  nailed  on  top,  as  in  Fig.  333* 
the  spaces  filled  with  wool,  and  the  roof-sheathing  then  nailed  to 
the  cleats.  This  would  not  only  greatly  increase  the  comfort  of 
the  rooms,  but  greatly  retard  the  progress  of  fire  from  the  outside. 
When  insulating  against  heat,  nails  driven  through  the  insulating 
material  do  no  harm.  When  using  mineral  wool  in  floors  it  should 
be  packed  in  very  closely,  but  not  jammed  so  as  to  break  the  fibers, 
which  are  naturally  very  brittle.  In  partitions  it  is  packed  between 
the  lathing,  so  as  to  fill  the  space  completely,  the  wool  being  put  in 
after  the  lathing  has  reached  a  height  of  2  or  3  feet,  then  more 
laths  put  on,  the  space  filled,  and  so  on  to  the  top ;  it  should  not  be 
dropped  from  any  considerable  height,  for  the  breaking  up  of  the 
fibers  destroys  the  insulating  qualities  of  the  material.  In  fact 
the  tendency  of  mineral  wool  to  settle  and  consolidate,  if  improperly 
or  too  loosely  packed,  is  the  only  drawback,  except  cost,  to  its  use 
for  insulation.  The  wool  behind  the  lathing  will  not  prevent  the 
plaster  from  keying. 

Mineral  wool  is  sold  by  the  pound,  and  in  estimating  the  quantity 
of  wool  required,  i  pound  per  square  foot  of  filling,  i  inch  thick, 
should  be  allowed  for  ordinary  wool  and  ^  of  a  pound  for  selected 
wool.  The  price  of  the  ordinary  wool  is  about  $1.25  per  hundred 
pounds,  and  of  selected  wool  $2.  (See,  also,  Art.  117,  Chapter  II, 
and  Art.  222.) 

222.  FIRE-STOPS  AND  MICE-STOPS.  In  every  good  resi- 
dence provision  should  be  made  to  prevent  mice  from  passing 
through  the  spaces  between  the  studs  and  between  the  floor-joists. 
Much  may  be  done  with  a  very  little  additional  expense  to  prevent 
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the  rapid  destruction  of  the  building  in  case  of  fire.  Any  material 
that  will  stop  the  progress  of  fire  will  also  stop  the  passage  of  mice, 
but  provisions  may  be  made  for  stopping  mice  that  are  not  sufficient 
to  stop  fire. 

When  mice-stops  alone  are  to  be  provided,  tin  will  be  found  to 
be  the  most  convenient  material.  It  should  be  so  used  that  it  will 
be  absolutely  impossible  for  mice  to  ascend  from  the  cellar  into  the 
outside  walls  or  into  the  partitions,  and  the  second-story  walls  and 
partitions  should  be  protected  in  the  same  way.  If  the  building  has 
an  underfloor  the  boards  should  be  extended  close  against  the  out- 
side sheathing  of  a  wooden  building,  and  against  the  walls  of  a  brick 
or  stone  building,  and  carefully  cut  around  all  studs.  If  there  is  no 
underfloor  the  finished  flooring,  if  laid  before  plastering,  should  be 
extended  in  the  same  way.  The  space  between  the  outside  studs 
and  between  the  sheathing  and  plaster  should  then  be  covered  with 
tin,  turned  up  i  inch  against  the  studs  and  sheathing  and  tacked. 
Every  space,  no  matter  how  small,  must  be  protected  in  this  way 
or  else  solidly  filled  with  brick  and  mortar. 

If  the  partitions  are  set  on  top  of  the  flooring,  a  strip  of  tin  2 
inches  wider  than  the  sole-piece  should  be  laid  under  it,  as  shown  in 
Fig.  107. 

If  the  studding  rests  on  top  of  a  partition-cap  below,  a  strip  of  tin 
may  be  laid  between  the  studs  on  top  of  the  underfloor  and  turned 
up  I  inch  against  them.  A  better  precaution,  however,  is  to  fill 
the  spaces  between  the  studs  on  top  of  the  partition-cap  with  five  or 
six  courses  of  salmon  bricks  and  mortar,  as  shown  in  Figs.  104  and 
106,  as  this  also  forms  an  efficient  fire-stop.  Where  the  chimneys 
are  furred,  or  studded  around,  the  space  from  the  chimney  to  the 
back  of  the  lathing  should  be  closed  with  tin  or  brickwork.  On 
brick  walls  that  are  furred  by  strapping,  the  easiest  way  to  form  a 
stop  is  to  plaster  between  the  strapping  and  flush  with  it  for  a  dis- 
tance of  10  or  12  inches  just  above  and  below  the  floor- joists. 

In  localities  where  salmon  bricks  can  be  bought  for  $4  or  $5  a 
thousand  it  will  be  about  as  cheap  to  fill  the  spaces  between  the  studs 
with  bricks  and  mortar  as  with  tin.  If  asbestos  sheathing  is  used 
as  a  lining  between  the  floorings  it  may  be  fitted  around  the  studs 
in  place  of  the  tin ;  and  it  should  be  turned  up  against  the  sheathing 
and  studs  and  tacked.  When  the  owner  is  willing  to  go  to  the 
expense,  it  will  be  much  better  to  fill  the  entire  height  of  the  spaces 
between  the  studs,  both  in  walls  and  partitions,  with  mineral  wool, 
and  thus  gain  the  advantages  of  sound-insulation,  heat-insulation 
and  slow  combustion,  as  well  as  a  means  to  stop  mice. 

If  the  architect  undertakes  to  provide  mice-stops  at  all  he  should 
§ee  that  the  work  is  done  thoroughly,  for  as  mice  can  go  through  a 
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very  small  hole,  if  a  few  holes  are  left  the  work  done  will  be  almost 
useless. 

Fire-stops  have  been  described  in  Art.  117,  Chapter  II,  but  the 
work  is  generally  done  after  the  building  is  roofed  in  and  while 
the  carpenter  is  getting  ready  for  the  lathers.  If  the  walls  and  par- 
titions are  fire-stopped  it  is  best  to  complete  the  work  by  laying  a 
fire-proof  or  incombustible  lining  between  the  floorings,  as  described 
in  Art.  215. 

The  work  described  in  the  last  four  articles  will  not  add  to  the 
appearance  of  the  building,  and  to  see  that  it  is  thoroughly  done 
requires  close  inspection.  When  faithfully  carried  out  it  greatly 
enhances  the  value  of  the  building  as  a  place  to  live  in,  adds  to  its 
security,  and  may  possibly  save  a  great  loss  from  fire.  It  is  in 
many  points  such  as  these,  not  apparent  from  a  casual  inspection, 
that  architects'  houses  usually  are,  and  always  should  be,  superior 
to  those  of  the  speculative  builder.  (See,  also,  Fig.  118  and  Art. 
221.) 

223.  BACK-PLASTERING.  This  term  is  commonly  used  to 
designate  plastering  that  is  applied  between  the  studs  or  the  rafters 
to  make  the  building  warmer  and  to  keep  out  the  wind.  Before 
the  introduction  of  the  present  high  grades  of  sheathing-papers, 
back-plastering  was  quite  common  in  the  better  class  of  dwellings 
in  the  northern  states.  It  is  now  used  to  a  much  less  extent,  as  the 
same  object  can  be  more  cheaply,  and  the  author  believes  more 
efficiently,  attained  by  the  use  of  high-grade  sheathing-paper,  felt, 
or  quilt.  On  the  sloping  roofs  of  attic  rooms,  however,  back- 
plastering  may  be  used  with  much  advantage  in  conjunction  with 
the  sheathing-paper;  and  even  on  the  walls  it  will  add  much  to  the 
comfort  of  a  frame  dwelling,  if  properly  applied. 

Where  ordinary  sheathing  is  used  to  cover  the  frame  and  rafters, 
back-plastering  should  be  applied  by  nailing  two  vertical  rows  of 
laths  to  the  inside  of  the  sheathing  in  each  space  between  the  studs 
or  rafters,  then  lathing  horizontally  on  these  strips  and  plastering 
one  heavy  coat  of  haired  mortar  in  the  usual  manner.  In  lathing 
between  rafters  20  inches  on  centers,  three  rows  of  vertical  laths 
should  be  used.  The  plastering  should  be  applied  so  as  to  come 
well  up  to  the  rafters  or  studs,  and  leave  no  unprotected  spaces. 

224.  FURRING  IN  GENERAL.  This  term  is  commonly  used 
to  designate  work  that  is  built  out  from  the  constructive  members 
to  receive  lathing  or  metalwork  and  sometimes  sheathing  or  finished 
woodwork.  It  is  also  sometimes  called  "false  work,"  as  the  sur- 
faces which  it  forms  are  hollow  and  do  not  indicate  the  actual 
construction. 

In  fire-proof  buildings  all  furring  should  be  done  in  tile  or  metal. 
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as  described  in  Arts.  484,  485  and  486,  "Building  Construction  and 
Superintendence,  Part  I,  Mason's  Work,"  by  F.  E.  Kidder;  but  in 
all  other  buildings  the  cheaper  grades  of  wood  in  small  pieces  are 
used  for  the  furring,  as  they  generally  have  to  support  nothing 
heavier  than  lath  and  plaster. 

There  is  usually  but  little  furring  on  the  outside  of  buildings, 
the  blocking  for  the  cornice  or  belts  and  the  furring  for  metalwork 
or  for  curved  roofs  being  about  all  that  is  generally  required.  On 
the  inside,  however,  considerable  furring  is  often  required  for  the 
lathing  in  the  way  of  strapping  the  walls  and  ceilings,  furring  out 
brick  and  stone  walls,  and  in  forming  fahe  beams,  arches,  coves, 
cornices,  etc.  This  inside  furring  is  usually  done  immediately  after 
the  roofing  is  on  and  while  the  outside  of  the  building,  if  of  wood, 
is  being  finished. 

For  furring-stock  cheap  grades  of  pine,  spruce  or  hemlock  are 
used  in  the  northern  and  western  states.  Pine  is  preferable  because 
it  warps  and  twists  less  than  the  others.  The  stock  may  be  rough, 
but  where  it  is  used  for  cross-furring,  etc.,  it  is  better  to  have  it 
dressed  to  an  even  thickness.  This  adds  but  little  to  the  cost 
(See,  also.  Arts.  225  to  229.) 

225.  CROSS-FURRING  OF  CEILINGS.  In  many  parts  of  • 
the  country  it  is  the  common  custom  to  "cross-fur"  the  ceilings  or 
under  side  of  the  floor-joists  or  rafters  with  2  or  2j4  by  ^-inch 
strips,  as  shown  in  Figs.  104  and  106;  but  this  custom  is  not  uni- 
versal. (See  Arts.  88  and  122,  Chap.  II.)  If  the  floor-beams  were 
all  dressed  to  a  pattern  there  would  not  be  much  advantage  in  cross- 
furring.  As  it  is,  the  principal  advantage  of  cross-furring  is  that  it  is 
more  practicable  to  get  a  level  ceiling  by  it,  and  the  floor-joists  may 
be  spaced  from  14  to  18  inches  apart,  while  the  bearings  for  the  laths 
may  be  spaced  either  12  or  16  inches,  as  desired,  without  much  addi- 
tional cost.  Even  if  the  bottom  of  the  joists  are  all  on  a  level 
when  set,  some  will  bend  more  than  others;  and,  as  the  furring  is 
put  on  some  time  after  the  joists  are  set,  this  unequal  deflection 
may  be  in  part  overcome.  On  the  other  hand,  cross-furring  leaves 
a  space  between  the  bottom  of  the  floor-joists  and  the  laths  sufficient 
for  the  passage  of  vermin  and  of  fire. 

When  the  ceiling  is  to  be  cross-furred  no  particular  care  is  taken 
to  have  the  floor- joists  level  on  the  bottom,  as  any  inequality  may 
easily  be  overcome  when  putting  on  the  furring-strips.  This  is 
done  by  cutting  the  bottom  of  the  joists  that  are  lower  than  the 
average  and  blocking  up  those  that  are  higher,  as  shown  in  Fig.  336. 
In  putting  up  the  furring  a  strip  is  first  put  up  at  one  side  or  at  the 
center  of  the  ceiling  and  carefully  leveled  from  end  to  end ;  the  other 
strips  are  then  all  leveled  from  that  by  means  of  a  long  straight- 
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edge  and  a  carpenter's  level.    The  usual  size  of  the  strips  is  i  by  2 
inches;  if  the  joists  or  rafters  are  more  than  i8  inches  apart  the 
strips  should  be  i}i  by  2  inches.     In  all  first-class  buildings  the 
strips  should  be  spaced  12 
inches     on     centers,     al- 
though   16   inches   is   the 
more  common  spacing  be- 
cause it  is  a  little  cheaper. 
The  strips  should  be  well 
-nailed    at    every    bearing 
with   tenpenny   nails,   cut 
nails  holding  best.    Where 

the  under  side  of  the  roof  forms  the  attic-ceiling  the  rafters  are  often 
cross-furred  in  the  same  way  as  the  floor-joists.  (See,  also,  Arts. 
224  and  226.) 

226.  SUSPENDED  CEILINGS  UNDER  FLAT  ROOFS.  In 
the  eastern  states  the  ceiling-joists  under  a  flat  roof  are  seldom 
built  into  or  supported  by  the  walls,  but  are  hung  from  the  roof- 
joists  in  the  manner  shown  in  Fig.  337,  and  carefully  leveled  as  they 


CROSS  rURKHC' 
Fig.  336.     Croas-Furring  of  Ceilings. 


Fig.  337.     Suspended    Ceilings    Under    Flat    Roof.     East- 
ern Method. 


are  put  up.  It  should  be  noticed  that  in  this  figure  the  ceiling- 
joists  run  at  right-angles  to  the  roof-joists,  and  if  the  spacing  of 
the  former  is  different  from  that  of  the  latter  they  must  do  so.  If 
the  spacing  of  the  two  sets  of  joists  is  the  same  the  ceiling-joists 
may  be  hung  directly  beneath  the  roof-joists,  using  i  by  3-inch 
boards  for  the  suspending-pieces.  The  construction  of  this  work 
is  generally  specified  under  the  head  of  "furring." 

When  the  walls  are  of  brick  and  the  bricks  are  laid  from  an  out- 
side scaffolding,  this  method  of  supporting  the  ceiling  is  possibly 
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the  most  economical;  but  when  the  walls  are  laid  from  the  inside, 
as  is  the  custom  in  the  western  states,  the  author  believes  that  it  is 
better  to  build  the  ceiling-joists  into  the  wall  and  tie  them  in  the 
same  way  as  the  floor-joists.  Where  the  span  is  not  greater  than 
13  feet,  2  by  6-inch  joists  will  be  stiff  enough,  but  for  greater  spans 
it  will  be  more  economical  to  use  2  by  4  or  2  by  6-inch  joists  and 
truss  them  from  the  roof-joists,  as  in  Fig.  338.  By  trussing  each 
pair  of  joists  the  roof  may  be  made  very  stiff  with  less  timber  than 
is  required  by  the  method  shown  in  Fig.  337,  and  there  is  less 


Fig.  338.     Suspended  Ceiling,  Trussed.     Western  Method. 


"kindling-wood"  in  the  roof-space.*  If  the  ceiling- joists  are 
anchored  to  the  walls,  as  they  should  be,  they  also  greatly  strengthen 
the  building.  Where  the  ceiling-joists  are  built  into  the  walls  their 
inner  ends  are  supported  by  the  interior  partitions  and  another  set  of 
studs  placed  on  top  of  the  caps  to  support  the  roof-joists  or  rafters. 

The  ceiling-joists  are  also  utilized  by  the  brick-masons  for  a 
scaffold,  a  temporary  partition  being  set  under  them  about  5  feet 
from  the  wall,  as  shown  by  the  dotted  lines,  and  allowed  to  remain 
until  the  joists  are  permanently  braced.  In  frame  buildings  the  outer 
ends  of  the  ceiling-joists  may  be  supported  by  false  girts.  When 
the  rooms  under  a  flat  roof  are  inhabited  a  space  between  the  ceil- 
ing and  the  roof  adds  greatly  to  the  comfort  of  the  rooms,  and  it 
is  desirable  that  the  average  height  of  this  space  should  be  at  least 
2  feet.  This  space  also  affords  opportunity  for  running  pipes  and 
wires  above  the  ceiling-joists.  Of  course,  the  greater  the  height 
of  the  air-space  the  greater  becomes  the  expense  of  suspending  the 
ceiling.     In  Colorado  suspended  ceilings  are  seldom,  if  ever,  found. 

The  ceiling-joists,  whether  suspended  or  built-in,  are  usually 
cross-furred  if  the  other  ceilings  are,  although  this  is  not  really 
necessary  with  the  suspended  ceiling.  (See,  also,  Arts.  224  and 
225.) 

227.  FURRING  OF  WALLS.  Except  in  the  dry  climate  of 
the  Rocky-Mountain  region  it  is  customary  to  fur  all  outside  brick 
walls,  that  are  not  built  hollow,  with  i  by  2-inch  strips,  nailed  to 

*  This  trussing  or  bracing  should  be  specified  in  connection  with  the  roof-framing. 
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the  walls  vertically  and  set  12  or  16  inches  on  centers.  In  spite  of 
the  fact  that  these  strips  can  generally  be  made  secure  by  driving 
the  nails  into  the  joints  of  the  brickwork,  using  two  nails  close  to- 
gether if  necessary,  very  often  thin  strips  of  wood  are  built  into  the 
inside  of  the  wall  at  intervals  of  2  feet  in  order  to  form  "nailings" 
for  the  furring.  If  such  strips  are  used,  they  should  not  be  more 
than  ^  of  an  inch  thick.  Their  use,  however,  is  not  desirable  and 
should  not  be  permitted  in  buildings  over  two  stories  in  height. 
(See  Art.  361,  Kidder's  "Building  Construction  and  Superintendence, 
Part  I.,  Masons'  Work,")  When  stone  walls  are  to  be  furred  or 
"strapped"  they  are  often  "plugged"  to  form  "nailings."  This 
"plugging"  is  done  by  raking  out  the  mortar  and  driving  in 
wooden  plugs  about  %  of  an  inch  in  diameter  and  4  or  5  inches 
long.  Tlie  plugs  should  not  be  more  than  2  feet  apart  in  the  length 
of  the  furring-strips.  To  plug  a  wall  takes  considerable  time,  and 
unless  the  walls  are  quite  high  it  is  usually  about  as  cheap  to  set 
2  by  4-inch  studding  inside  of  the  wall,  and  secure  it  to  the  floors 
at  top  and  bottom,  although  this  of  course  takes  up  a  little  more 
space  than  the  "strapping." 

Whichever  method  is  used  the  furring  should  be  put  up  plumb 
and  true,  so  that  the  walls  when  lathed  and  plastered  will  form  a 
true  plane.  As  plaster  can  be  applied  to  brickwork  as  well  as  to 
lathing,  it  is  best  not  to  fur  inside  brick  walls,  as  the  space  so  left 
may  become  a  passage  for  vermin  or  fire.  Plaster  does  not  adhere 
well  to  some  kinds  of  smooth  stone  and  on  that  account  inside  stone 
walls  are  sometimes  furred  before  being  plastered. 

Where  there  are  to  be  inside  shutters  it  is  often  necessary  to  "fur 
out"  or  thicken  the  wall  to  form  "pockets"  for  them.     If  this  in- 
crease in  thickness  is  2  or  more  inches,  the  furring  should  be  done 
by  independent  studding  and  should  be  particularly  described  in  the 
specifications.     All  studding  for 
furring    should    be    bridged    to 
stiffen  it  and  to  keep  it  in  place, 
as  described  in  Art.  113.     (See, 
also.  Arts.  224,  228  and  229.) 

228.  FURRING  AROUND 
CHIMNEYS.  In  the  eastern 
states    it    is    customary    to    fur 

around  all  chimneys  with  2  by  3  f     ■      a       d  Ch' 

or  2  by  4-inch  studding,  usually  '*'  'a%.    Eii'iem  MitiTod. 

set   flatwise,   except    in   outside 

walls,  as  shown  in  Fig.  339.  The  object  of  this  is  to  form  a  nailing 
for  the  base,  chair-rail  or  picture-molding,  and  also  to  prevent  the 
cracks  that  are  almost  sure  to  occur  where  a  wooden  wall  joins  a 
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LATH- 


Fig.  340.  Furring  Around  Chim- 
ney Projecting  Through  Frame 
Wall. 


brick  one.    The  studding  should  be  kept  at  least  i  inch  from  the 
brickwork,  should  be  set  plumb,  and  bridged  at  least  once ;  the  angles 
should  be  made  square.    If  the  chimney  is  in  a  brick  wall  it  is 
usually  furred  around  in  the  same  way. 
Fig-  340  shows  the  way  in  which  a  chimney  should  be  built  which 

it  is  desired  to  have  project  on  the 
outside  of  a  frame  wall.  A  4-inch 
lug  is  carried  up  on  each  side  of  the 
chimney,  as  at  L,  and  the  boarding 
and  wall-covering  are  extended  over 
it.  While  this  construction  can  easily 
be  made  tight,  it  very  much  weakens 
the  wall  by  cutting  the  girts  and 
plates ;  it  should  be  used  with  caution 
and  not  near  an  angle  of  the  build- 
ing. 
When  there  is  a  fireplace  the  furring  is  set  so  that  it  forms  a  breast 
wide  enough  to  receive  the  mantel.  An  opening  is  left  large  enough 
to  receive  the  facing  around  the  fireplace-opening  and  the  facing  is 
usually  set  flush  with  the  plaster  (see  Fig.  235,  Kidder's  "Build- 
ing Construction  and  Superintendence,  Part  I,  Masons'  Work"). 
When  there  is  a  thimble  for  a  stove-pipe,  a  square  recess 
at  least  10  inches  larger  than  the  diameter  of  the  pipe,  should  be 
framed  in  the  studding  opposite  the  opening. 
The  thimble  is  generally  set  so  as  to  project  j/i 
an  inch  from  the  brickwork,  plastering  is  applied 
directly  to  the  chimney  at  the  back  of  the  recess, 
and  the  sides  are  cased  with  wood,  as  shown  in 
■P^S'  34^'  -A-S  such  a  recess  does  not  have  a  good 
appearance,  a  better  method  is  to  cover  it  with 
expanded  or  sheet-metal  lath,  leaving  a  round 
hole  through  which  to  pass  the  thimble.  A 
thimble  8  inches  long  can  then  be  used  and  the 
breast  plastered  without  a  recess.  The  sides  of 
the  studding  back  of  the  plastering  should  also  be 
covered  with  tin,  so  that  there  will  be  no  danger 
from  fire. 

In  some  of  the  western  states  furring  around 
the  chimneys  is  almost  invariably  omitted ;  and  the  author,  after  sev- 
eral years'  experience  with  both  methods,  is  of  the  opinion  that,  ex- 
cept against  outside  frame  walls,  it  is  better  to  use  fire-clay  flue-lining 
and  then  plaster  directly  on  the  brickwork.  Where  the  chimney  is 
furred  it  is  difficult  to  stop  completely  the  space  at  the  floor-levels, 
an8  if  fire  does  occur  it  has  a  chance  to  make  considerable  headway 
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before  it  is  discovered.  With  flue-lining,  and  the  outside  of  the 
chimney  plastered  to  the  floor,  there  is  no  objection  to  nailing  the 
base  or  other  molding  to  the  chimney,  so  that  the  only  objection  to 
this  method  is  in  the  probability  of  cracks  occurring  in  the  angle  with 
the  woodwork.  By  building  the  chimney  as  shown  in  Fig.  342,  and 
covering  the  flush  side  with  metal  lath, 
lapped  onto  the  studding,  the  likelihood 
of  cracks  will  be  avoided. 

If  the  chimney  is  to  be  wainscoted  nt^emsL 
the  wainscoting  must  be  kept  outside  of 
the  plaster.  When  the  chimneys  are  to 
be  plastered  the  breasts  for  fireplaces 
must  be  carried  up  in  brick,  but  in  ^*  ^*^-  ^^chimlTcy.  ^''"^"^  °" 
many '  localities  this  is  fully  as  cheap 
as  furring  and  lathing,  and  certainly  more  fire-proof. 

When  rooms  are  to  be  finished  in  the  attic,  the  studding  at  the 
sides  and  the  collar-beams  or  ceiling- joists  (see  Fig.  129)  are 
usually  specified  under  the  head  of  "furring,"  and,  unless  they  are 
required  to  support  the  roof,  are  put  up  after  the  roof  is  com- 
pleted.    (See,  also.  Arts.  224  and  227.) 

229.  FURRING  FOR  FALSE  BEAMS,  ARCHES,  COR- 
NICES, ETC.  Besides  the  usual  cross-furring  there  is  generally 
more  or  less  special  furring  required  in  forming  false  beams,  arches, 
cornices,  coved  ceilings,  rounded  comers,  etc.,  and  in  preparing 
solid  beams  and  posts  for  plastering. 

Wherever  a  solid  beam,  post  or  lintel  is  to  be  plastered  on  wooden 
lath,  the  timber  should  be  furred  with  strips  at  least  J4  of  an  inch 
thick  to  aflford  a  clinch  for  the  plaster,  and  on  vertical  surfaces  these 
strips  should  always  be  put  on  so  that  the  laths  will  be  horizontal, 
as  in  Figs.  89  and  96.  Where  it  is  impracticable  to  use  furring- 
strips,  metal  lath  or  expanded  metal,  should  be  used.  In  no  case 
should  wooden  laths  be  nailed  against  a  solid  timber.  Rounded 
corners  in  partitions  should  have  the  studs  set  not  over  10  or  12 
inches  apart,  and  they  should  be  bridged  every  3  feet  with  solid 
bridging  cut  to  the  curvature  of  the  corner.  When  the  radius  is 
less  than  3  feet  the  laths  are  usually  put  on  diagonally  and  bent 
around  the  corner.  They  should  never  be  put  on  vertically.  When 
the  angles  formed  by  the  walls  and  ceiling  are  to  be  coved,  or  when 
heavy  plaster  cornices  are  to  be  used,  a  furring  of  boards,  cut  to 
the  shape  of  the  cove  or  to  the  general  shape  of  the  cornice,  must 
be  used.  These  furring-blocks  or  boards  should  be  at  least  a  full 
inch,  and,  if  very  large,  at  least  1%  inches  in  thickness.  They 
should  be  set  12  inches  on  centers,  as  the  close  spacing  makes  a 
much  better  job  of  lathing  and  a  firmer  ground  for  receiving  the 
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plaster.     For  plaster  cornices  the  blocks  should  be  cut  so  as  to 

require  as  little  stucco-work  as  possible  (consult,  also,  "Building 
Construction  and  Superintendence, 
Part  I,  Masons'  Work,"  by  F.  E. 
Kidder,  Art.  664),  and  then  lathed, 
as  in  Fig.  343.  In  fonning  false 
beams  for  plastering,  a  skeleton  is 
generally  built,  as  shown  in  Fig.  344. 
This  skeleton  is  suspended  from 
planks,  B,  B,  which  are  spiked  to  the 
under  side  of  the  floor-joists  or 
ceiling- joists  above,  or  to  blocks  let 
in  between  them.  If  the  beams  are 
quite  shallow  solid  blocks  of  plank, 
cut  to  the  proper  shape  to  receive 
the  lathing,  may  be  nailed  to  the 
under  side  of  the  joists  or  to  the 
cross-furring.    Where,  however,  the 

Fig.  143-  ^-'''is^J^'  PI"'"  Car-  ^^^^^  ^f  the  beam  is  12  inches  or 
more,  the  construction  shown  in  Fig. 

344  is  much  the  best.     If  the  beams  are  to  be  cased  with  wood, 

solid  blocking   is   generally   employed   for   furring,   as   shown   in 

Fig.  504. 

False  arches  are  usually  formed  in  »  similar  manner,  except  that 

the  vertical  pieces,  being  longer,  should  be  i^  inches  thick,  and  a 


Fig.  344-     F""i 


curved  rib  should  be  cut  to  form  the  edge  of  the  soflit  and  to  re- 
ceive the  laths,  as  in  Fig.  345. 

The  essential  points  in  regard  to  all  furring  are  that  it  be  strongly 
secured  and  that  it  be  put  up  perfectly  straight  and  true.     This  is 
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Fig.  345'     False-Arch  Construction. 


of  especial  importance  in  connection  with  beams  and  cornices,  as 
any  irregularity  can  not  well  be  overcome  in  the  plastering,  and  the 
least  deflection  is  readily  discov- 
ered by  the  eye.  Further  it  is  de- 
sirable that  the  blocks  or  strips  that 
receive  the  laths  shall  not  be  spaced 
more  than  12  inches  on  centers. 
The  exact  shape  of  the  furring  for 
beams,  coves,  cornices,  etc.,  should 
be  shown  by  full-size  details  or 
large-scale  drawings. 

230.  GROUNDS.  These  are 
usually  narrow  strips  nailed  around 
openings  in  walls,  furring  or  stud- 
ding, to  stop  the  plastering,  and  to 
form  a  guide  for  the  workman. 
They  are  also  placed  behind  base-boards,  wainscoting,  etc.  The 
position  of  the  ground  around  windows  is  shown  in  many  of  the 
window-frame  details.  Chapter  III,  by  the  piece  marked  G,  and 
around  door-frames  by  the  same  letter  in  Fig.  395 ;  in  Figs.  226  to 
228  it  is  indicated  by  diagonal  lines.  Grounds  should  always  be  set 
so  that  their  face  will  be  flush  with  the  plastering  and  J/2  an  inch 
back  from  the  outer  edge  of  the  finish,  so  that  the  latter  will  lap  that 
much  over  the  plaster.  They  should  be  perfectly  straight  and 
plumb.  As  the  plasterer  is  supposed  to  bring  the  plastering  to  the 
face  of  the  grounds,  if  the  latter  are  not  straight  or  plumb  the  plaster- 
ing will  not  be.  It  also  is  obvious  that  the  thickness  of  the  grounds 
regulates  the  thickness  of  the  plaster.  Where  the  plastering  is  ap- 
plied to  wooden  laths  the  grounds  should  be  ^  of  an  inch  thick  for 
two-coat  work,  and  J^  of  an  inch  for  three-coat  work.  Where  it 
is  applied  directly  to  brickwork  or  tiling,  or,  with  a  few  exceptions, 
to  any  of  the  metal  laths,  5^-inch  grounds  are  generally  used.  The 
thickness  of  the  grounds  should  be  given  in  the  specifications;  the 
width  varies  from  ij4  to  i^  inches. 

For  first-class  work  grounds  should  be  put  behind  the  base,  chair- 
rail,  wooden  cornices  and  all  inside  finish  to  insure  that  the  plaster- 
ing will  be  straight.  On  brick  walls  grounds  also  afford  a  nailing 
for  the  wood  finish.  When  the  "window-trim"  and  "door-trim" 
or  "casing"  is  made  up  of  several  parts  it  is  often  necessary  to  put 
on  wide  grounds  to  form  a  back  for  the  finish.  The  ground  behind 
the  base  should  be  laid  so  as  to  receive  the  upper  edge  of  the  base 
and  the  bottom  of  the  base-moldings,  as  in  Figs.  395  and  481.  It 
is  also  desirable  to  have  another  ground  at  the  bottom. 

In  a  great  many  cheaply  built  buildings  the  grounds  are  entirely 
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omitted,  except  where  necessary  to  form  nailings  for  the  wainscot- 
ing. The  plastering  is  simply  brought  to  the  edge  of  the  door  and 
window-frames  and  carried  to  the  floor,  without  much  regard 
whether  it  is  straight  or  not.  As  a  result  when  the  finish  is  put 
up  the  plastering  makes  a  wavy  line  behind  it,  and  the  irregularity 
is  frequently  so  great  that  the  finish  is  "in  winde."  The  only 
practical  way  in  which  the  finish  can  be  made  to  fit  nicely  against 
the  plastering  is  by  the  use  of  grounds,  and  they  should  always  be 
specified.  The  woods  commonly  used  for  them  are  spruce  and  the 
cheaper  grades  of  white  pine. 

231.  WOODEN  CORNER-BEADS.  There  are  two  kinds  of 
corner-beads  used  in  buildings:  A,  those  which  are  put  up  before 
plastering,  and  B,  those  which  are  nailed  to  a  projecting  angle  out- 
side of  the  plastering.  The  latter  kind  are  included  in  the  interior 
finish,  and  w-ill  be  described  under  the  name  of  "angle-beads." 
(See  Art.  293.) 

The  corner-bead  proper  is  really  a  ground  for  a  projecting  angle, 
as  it  forms  a  guide  for  the  plasterer  and  a  solid  comer  as  well. 
The  common  sections  of  wooden  comer-beads,  and  those  usually 
carried  in  stock,  are  the  first  two  shown  in  Fig.  346.  A  much 
better  section,  which  holds  the  plaster  and  prevents  its  crumbling 
at  the  edges,  is  that  shown  at  B.  This  is  also  about  the  only  section 
that  can  be  successfully  applied  to  a  brick  comer.     It  may  be  made 
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either  %  of  an  inch  or  i  %  inches  thick,  the  latter  thickness  being 
best  when  the  bead  is  to  be  used  on  brickwork. 

The  use  of  corner-beads  varies  in  different  localities.  In  the 
New  England  states  they  are  quite  common,  but  they  appear 
to  be  seldom  if  ever  used  in  the  far-western  states.  They  afford, 
however,  the  best  protection  for  a  projecting  angle,  and  the  author 
believes  that  it  would  be  better  if  they  were  used  more  generally. 
The  beads  should  be  made  of  white  pine,  and  should  be  perfectly 
straight  and  plumb.  Since  the  introduction  of  metal  corner-beads 
the  wooden  ones  have  been  comparatively  httle  used,  (See,  also, 
Art,  232.) 
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232.  METAL  CORNER-BEADS.  Several  types  of  comer- 
beads,  made  of  rolled  steel,  have  been  patented  and  placed  on  the 
market.  These  are  smaller  than  the  wooden  beads,  make  sightlier 
corners  and  are  better  able  to  hold  the  plaster  at  the  angle  so  that 
it  cannot  crack  or  crumble  away.  As  they  can  also  be  made  per- 
fectly straight,  papering  can  be  done  better  over  them  than  over 
wooden  beads.  The  superiority  of  one  pattern  over  the  others 
will  probably  be  determined  by  its  adaptation  to  practical  use  or  by 


Fig.  347-     The  Unioo  Melil  CDmcr-Bcad. 

the  facility  with  which  it  can  be  applied.  A  few  illustrations, 
taken  at  random,  will  show  their  general  form,  construction  and 
application.  Besides  those  illustrated  there  are  a  number  of  others 
of  excellent  make  and  efficiency.  One  type,  which  is  shown  in 
Fig.  347,  is  made  of  No.  24  rolled  steel,  perforated  and  cut  into 
strips,  bent  on  a  die  to  the  shape  shown  and  then  galvanized,  the 
zinc  coating  soldering  the  sides  together  where  they  touch.    This 
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bead  is  made  in  sizes  for  }i,  yi,  %  and  f^-'n^h  grounds  and  in 
lengths  of  6,  7,  8,  9  and  10  feet;  it  can  be  obtained  bent  to  any 
radius  for  arches.     It  is  shipped  in  bundles  containing  from  60  to 
100  feet  and  weighing  from  7  to  20  pounds,  according  to  size  and 
length.     The  cost  of  the  bead  varies  from  4  to  5  cents  per  foot, 
according  to  locality.    On  woodwork  it  is  secured  by  nailing  with 
wire  nails  through  the  small  holes  in  the  flanges  and  can  be  put  up 
as  rapidly  as  a  wooden  bead.     On  brick,  terra-cotta  or  other  fire- 
proof construction  the  beads  are  secured  by  means  of  short  pieces 
of  soft,   i6-gauge,  annealed   wire,  hodied  to  the  bead  and  bent 
around  the  heads  of  fourpenny  or  fivepenny,  cut  nails,  which  have 
been  driven  at  convenient  places  in  the  joints  of  the  brickwork 
or  tilework,  from  3  to  6  inches  from  the  cor- 
ner   and    about    I    foot   apart.     When   the 
grounds  for  wooden  laths  are  ^  of  an  inch, 
^-inch  beads  are  required,  as  the  plaster  is 
^  of  an  inch  thick;  and  when  the  grounds 
are  ^-J  of  an  inch,  J^-inch  beads  are  required, 
as  the  plaster  is  then  J/j  an  inch  thick.    When 
^-inch  grounds  are  used  on  woodwork  the 
bead  may  be  nailed  over  laths,  as  shown  in 
Fig.  347- 

Another  type  of  met  a!  comer-bead  is 
shown  in  Fig.  348,  which  illustrates  its  use 
with  short  clips  on  wooden  grounds.  It  is 
made  also  with  long  clips  for  use  on  brick 
or  tile.  These  beads  are  made  of  steel,  gal- 
vanized while  hot,  and  will  not  rust. '  Their 
shape  affords  a  good  bond  with  the  plaster, 
which  by  fastening  itself  about  the  head  and 
back  of  them,  forms  a  solid  corner  with  no 
possibility  of  a  "feather-edge."  They  are 
carried  in  stock  lengths  of  6,  7,  8,  9  and  10 
— *  feet  and,  if  desired,  they  can  be  furnished  in 

'''VciS  Col'n«''S=t4  lengths  up  to  14  feet.  One  clip  is  furnished 
for  every  foot  of  bead  and  the  clips  are 
hot-galvanized  like  the  b^ds.  (See.  also.  Arts.  231  and  293.) 
233.  INCLOSING  Tim  BUILDING  FOR  PLASTERING. 
After  the  grounds  and  corner-beads  are  in  place  the  building  should 
be  plastered.  No  finished  work  should  be  put  up  before  plastering 
if  a  first-class  job  is  desired. 

Before  the  plasterers  begin  work  the  carpenter  should  close  all 
outside  openings  by  hanging  temporary  doors  at  the  entrances  and 
covering  the  window-openings  with  muslin  or  old  sashes.     If  the 
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weather  is  not  too  cold  muslin  is  the  best  material  for  closing  the 
window-openings,  as  it  allows  a  sufficient  circulation  of  air  to  carry 
off  the  moisture  produced  by  the  drying  of  the  plastering,  without 
a  decided  draught.  In  very  cold  weather  some  of  the  openings 
should  either  be  tightly  boarded  up  or  filled  with  temporary  sashes. 
Old  sashes,  when  available,  are  often  used.  Store-fronts  should  be 
boarded  up  on  the  outside,  so  that  the  fronts  may  be  finished  with- 
out removing  the  boards. 

The  architect  should  not  allow  permanent  sashes  to  be  put  in 
until  the  building  is  plastered  and  dried  out,  as  the  moisture  from 
the  plastering  would  cause  them  to  swell,  and  even  if  tightly  fitted, 
they  would  become  very  loose  after  a  time  through  shrinkage. 
Moreover,  they  would  be  more  or  less  splashed  with  plaster  and 
the  stain  so  caused  can  never  be  entirely  removed. 

a.    JOINERS'  WORK. 

234.  GENERAL  CONSIDERATIONS.  Under  the  heading 
of  "interior  finish"  is  included  all  the  finished  woodwork  used  and 
put  up  inside  of  a  building  to  form  an  integral  part  of  it ;  this  term 
also  generally  includes  all  work  put  up  after  the  building  is  plastered. 
For  distinguishing  between  finish  that  is  affixed  to  the  walls,  such 
as  casings,  base-boards,  wainscoting,  beams,  cornices,  etc.,  and  that 
which  is  not,  such  as  cases,  cupboards,  drawers,  shelves,  etc.,  the 
former  is  often  referred  to  as  "standing  finish,"  the  latter  as  "fit- 
tings." Fittings  or  fixtures  for  stores,  etc.,  are  generally  put  in 
by  the  tenant,  and  are  not  usually  included  in  the  contract  for  the 
interior  finish ;  but  in  dwellings  everything  necessary  to  complete 
the  building  for  occupancy  should  be  included  in  the  specifications 
along  with  the  standing  finish. 

As  the  primary  object  of  the  standing  finish  is  to  cover  up  the 
rough  work  and  make  a  finish  where  the  plaster  joins  the  frames,  or 
else  to  protect  the  plaster  walls,  an  ornamental  appearance  is  the 
chief  requirement  of  the  work;  and  to  this  end  smooth  surfaces, 
free  from  knots,  sap  or  other  defects,  close  joints  and  freedom  from 
warping  and  shrinkage  are  more  necessary  than  strength  and  dur- 
ability. 

235.  FINISHING-WOODS.  The  cost  and  usually  the  char- 
acter and  quality  of  the  inside  finish  depend  greatly  upon  whether 
it  is  to  be  of  "soft"  or  "hard"  wood,  and  whether  it  is  to  be  painted 
or  varnished.  As  stated  in  Art.  6,  Chapter  I,  the  "softwoods"  are 
classified  commercially  as  those  belonging  to  the  conifers,  the  "hard- 
woods" as  those  from  the  broad-leaved  trees.  Carpenters,  however, 
often  classify  whitewood  or  poplar,  redwood  and  cypress  as  soft- 
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woods,  and  hard  pine  is  frequently  called  a  hardwood.  Very  fre- 
quently the  term  "hardwood  finish"  is  used  to  distinguish  all  work 
that  is  finished  in  varnish  from  painted  work,  although  the  temi 
"natural  finish"  is  more  accurate  when  any  of  the  pines  are  used. 

For  finish  of  any  kind  the  softwoods  are  always  cheaper  than 
hardwoods,  even  when  the  price  of  the  lumber  is  the  same.  This  is 
principally  for  the  reason  that  the  softwoods  can  be  used  "in  the 
solid"  for  making  doors,  sashes,  etc.  The  greater  ease  with  which 
these  woods  can  be  worked  also  affects  the  price,  although  not  to 
a  very  great  extent. 

The  difference  in  the  cost  of  casing  a  door  in  clear,  white  pine  or 
oak  is  not  very  great,  about  75  cents  a  side  for  s^-inch  casings;  but 
when  it  comes  to  the  doors,  a  veneered  door  (and  veneering  is 
necessary  for  most  of  the  hardwoods)  costs  three  or  four  times  as 
much'  as  a  solid,  pine  door.  Among  the  hardwoods,  too,  there  is 
quite  a  difference  in  the  cost  of  finishing,  some  of  the  hardwoods, 
on  account  of  their  scarcity,  being  very  expensive  (see  Art.  76), 
while  others,  particularly  ash  and  chestnut,  have  become  cheaper 
than  clear  pine.  Painted  work  also  costs,  as  a  rule,  less  than 
varnished  work,  for  the  reason  that  cheaper  grades  of  lumber  may 
be  used;  and  the  same  care  is  not  usually  exercised  in  placing  it 
and  in  keeping  it  clean. 

For  finish  that  is  to  be  painted,  the  first  consideration  is  that  it 
shall  "stand"  well,  and  next  to  this  are  freedom  from  knots  and 
pitch,  and  low  cost.  These  conditions  are  now  most  fully  found  in 
the  white  pine,  hard  pine,  basswood  and  cypress  from  the  southern 
and  eastern  states  and  in  the  Douglas  fir  and  hemlock  of  the  north 
Pacific  coast.  Aside  from  the  question  of  cost,  white  pine  meets 
the  required  conditions  in  an  ideal  manner.  White  wood  (yellow 
poplar,  known  also  as  "tulip  poplar")  is  also  extensively  used  in 
some  localities,  particularly  for  carved  work,  columns  and  mantels, 
and  for  shelving,  etc.,  as  it  can  be  obtained  in  large  dimensions  and 
remarkably  free  from  knots;  its  softness  and  uniform  grain  make 
it  also  well  adapted  for  carving  that  is  to  be  painted.  This  wood, 
however,  does  not  stand  as  well  as  pine.  In  almost  every  locality 
hard  pine  is  cheaper  than  white  pine,  but  it  contains  too  much 
pitch  to  take  paint  well.  Spruce,  also,  is  used  to  some  extent  for 
finishing,  but  it  is  inferior  to  soft  pine,  and  the  author  cannot 
recommend  it  for  any  but  the  cheapest  work. 

For  interior  work  that  is  to  be  stained  or  finished  in  its  natural 
color,  the  color  or  grain  of  the  wood  most  influences  the  selection 
when  the  cost  is  not  a  controlling  feature. 

Aside  from  the  appearance  of  the  wood,  however,  its  hardness  is 
a  very  important  quality,  as  the  softer  woods  mar  easily,  and  so 
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greatly  injure  the  appearance  of  the  work.  It  is  for  this  reason 
that  soft  pine,  whitewood,  redwood  and  cypress  are  inferior  to 
oak,  ash,  beech  or  maple,  although  otherwise  they  make  a  very  at- 
tractive finish  when  properly  treated.  Redwood,  moreover,  is  very 
brittle,  and  the  edges  break  easily. 

In  regard  to  their  cost  (1913),  the  various  woods  used  for  finishing 
rank  in  about  the  following  order,  commencing  with  the  cheapest,  the 
relative  cost  varying  somewhat  with  the  locality:  whitewood,  hard 
pine,  fair  white  pine,  cypress,  chestnut,  ash,  redwood,  red  oak, 
white  oak,  beech,  birch,  maple,  butternut,  bird's-eye  maple,  cherry 
and  mahogany. 

Aside  from  the  cost,  the  last  eight  woods  are  usually  considered 
the  handsomest  and  most  desirable,  although  for  certain  rooms  the 
other  woods  are  nearly,  if  not  equally,  as  well  adapted.  For  public 
waiting-rooms  and  large  rooms  where  a  rich  finish  would  hardly  be 
expected,  cypress  and  hard  pine  are  very  appropriate  and  much 
used. 

Ash  is  quite  extensively  used  in  churches  and  large  buildings,  as 
it  is  cheaper  than  oak  but  it  cannot  be  used  for  solid  doors  as  it 
will  not  stand.  In  dwellings  all  of  the  woods  mentioned  are  more 
or  less  used,  hard  pine,  for  varnishing,  being  frequently  used  in 
the  kitchen,  servants'  quarters,  etc.,  and  the  other  woods  as  the 
taste  and  means  of  the  owner  dictate  or  permit.  Where  a  showy 
but  cheap,  natural  finish  is  desired,  whitewood  stained  in  imitation 
of  cherry  is  oftea  used.  Ash  is  frequently  stained  in  reds  and 
greens  for  the  color-effect,  and  the  oaks  are  usually  colored  slightly 
in  the  filling-coat.  Ash,  chestnut  and  oak  can  be  colored  or  stained 
with  ammonia  so  that  they  will  very  closely  imitate  old  oak. 

The  other  woods  are  generally  finished  in  the  natural  color,  al- 
though the  oil  or  varnish  gives  most  of  them  a  deeper  tone. 

The  characteristics  and  qualities  of  the  various  woods  have  been 
described  in  Chapter  I. 

All  hardwoods  and  all  softwoods  that  are  to  be  varnished  should 
always  be  kiln-dried  just  before  they  are  sent  to  the  building  (see 
Art.  13).  It  is  desirable  that  all  of  the  inside  finish  should  be 
kiln-dried,  but  it  is  not  the  general  custom  to  kiln-dry  woods  that 
are  to  be  painted. 

The  various  woods  to  be  used  in  finishing  the  different  portions 
of  the  building  should  be  explicitly  specified  by  the  architect  before 
he  describes  the  character  of  the  finish. 

Except  occasionally  in  wainscoting  and  in  inlaid  work,  all  the  ex- 
posed finish  in  a  room,  including  the  door-frames  and  doors  and 
the  inside  of  the  sashes,  should  be  of  the  same  wood.  (See,  also. 
Arts  28  and  29.) 
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236.  JOINERS'  WORK  AND  CARPENTERS'  WORK.  A 
large  portion  of  what  formerly  constituted  "joiners'  work"  is  now 
done  at  the  mills  or  woodworking-shops,  so  that  the  joiners'  trade 
as  distinguished  from  the  carpenters'  is  now  confined,  at  least  in 
this  country,  to  those  who  work  at  the  cabinet-maker's  bench  or 
in  the  shop.  The  carpenters,  as  a  rule,  do  that  portion  of  the  work 
that  has  to  be  done  at  the  building,  such  as  smoothing  and  cleaning, 
joining  and  putting  up  the  work.  The  stairs  usually  are  built  by 
a  separate  class  of  workmen, 

237.  PLANING,  SMOOTHING  AND  POLISHING  IN- 
TERIOR WOODWORK.  All  moldings,  except  in  rare  instances 
where  a  small  quantity  and  a  special  pattern  are  required,  are  now 
"run"  or  "stuck"  by  machinery  at  a  molding-mill,  and  all  planed 
surfaces  are  usually  mill-planed.  Molding  and  planing  by  ma- 
chinery is  usually  done  by  revolving  knives,  under  which  the  work 
is  drawn  by  fluted  cylinders  whose  edges,  in  order  to  obtain  a  firm 
grip  of  the  piece,  press  so  strongly  against  it  as  to  cause  slight 
transverse  indentations  on  the  prominent  portions,  which  injure 
its  appearance  very  seriously,  unless  the  marks  are  subsequently 
smoothed  off.  Planed  surfaces,  also,  often -have  small  ridges  run- 
ning parallel  with  the  grain,  and  the  surface  is  rough,  especially 
with  the  harder  woods. 

In  very  cheap  work  the  finish  is  put  up  as  it  comes  from  the 
machine,  with  the  indentations  and  rough  surfaces ;  but  for  build- 
ings in  which  a  good  finish  is  desired,  the  specifications  should 
require  that  all  finishing-lumber  be  smoothed  and  sandpapered  be- 
fore it  is  put  in  position.  Unless  this  is  specified,  the  carpenter 
may  refuse  to  do  it. 

In  the  case  of  moldings,  the  smoothing  is  usually  done  with  sand- 
paper, although  the  raised  flat  surfaces  should  be  smoothed  with  a 
plane.  All  planed  surfaces,  such  as  the  face  of  bases,  casings, 
beaded  ceiling,  etc.,  should  be  smoothed  with  a  smoothing-plane, 
and  the  hardwoods  should  be  scraped  with  a  piece  of  hard  steel 
made  for  the  purpose. 

Most  of  the  large  woodworking-establishments  have  machines 
which  polish  the  planed  surfaces  by  passing  them  between  steel 
rollers,  one  of  which  is  covered  with  fine  sandpaper.  Work  finished 
in  this  way  is  superior  to  that  smoothed  by  hand;  but  very  little 
polished  work  is  sent  to  the  building,  except  that  which  is  worked 
or  put  together  at  the  shop.  Paneled  work,  stair-work,  cases, 
mantels,  etc.,  are  generally  made  at  a  shop,  and  such  work  is  always 
smoothed  before  being  put  together. 

238.  JOINTS  IN  INTERIOR  WOODWORK.  A  very  im- 
portant  requirement  of  interior  finish  is  that  the  joints  shall  be  as 
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tight  and  inconspicuous  as  possible;  and,  in  fact,  it  was  in  the  char- 
acter of  the  joints,  the  smooth  surfaces  and  the  smaller  dimensions 
of  the  pieces  that  the  distinction  between  "joinery"  and  "carpentry" 
arose. 

The  various  joints  made  in  connecting  interior  finish  and  fittings 
may  be  classified  under  one  or  more  of  the  following  kinds:  butt- 
joints,  tongued-and-grooved  joints,  splined  joints,  milered  joints, 
coped  joints,  covered  or  housed  joints,  glued-and-blocked  joints 
and  dovetailed  joints ;  and  the  work  is  said  to  be  butted,  matched, 
mitered,  coped,  housed  or  rebated,  glued-and-blocked,  or  dovetailed, 
according  to  the  kind  of  joint  that  is  made.  Very  frequently  two 
of  these  operations  are  combined  in  a  single  joint.  (See  the  follow- 
ing Figures  and,  also.  Fig.  489.) 

239.  BUTT-JOINTS.  A  butt-joint  is  made  by  simply  butting 
one  piece  against  the  other,  as  at  A  and  B,  Fig.  349.  Though  this 
is  the  easiest  joint  to  make,  there  is  this  objection  to  it,  particularly 
in  varnished  work,  that  any  shrinkage  in  the  board  b,  or  in  either  or 
both  of  the  boards  at  B,  will  cause  the  joint  to  open,  as  shown  by 
dotted  lines,  and  of  course  the  greater  the  width  or  thickness  rf, 
or  the  wider  the  boards  in  B,  the  greater  will  be  the  shrinkage. 


Another  objection  to  this  joint  is  that  it  is  difficult  to  keep  the  sur- 
faces joined  in  exactly  the  same  plane ;  and  further,  when  casings 
are  joined,  as  at  A,  the  end-wood  is  exposed  on  the  side.  The  last 
objection  can  be  overcome  by  placing  a  "back-band"  around  the 
outer  edge  of  the  casings. 

The  principal  instances  in  which  butt-joints  are  used  in  interior 
finishing  are  in  joining  plain  or  so-called  "ogee"  or  "O.  G."  window- 
casings,  and  in  using  "block-and-pilaster"  finish.  {See  Figs,  395 
and  405.)     The  butt-joint  is  also  used  in  flooring. 

240.  TONGUED-AND-GROOVED  JOINTS.  This  is  a  form 
of  butt-joint  in  which  one  surface  or  edge  is  grooved,  while  the 
other  has  a  tongue  worked  on  it  to  fit  into  the  groove,  as  shown  at 
A  and  B,  Fig.  350.  The  chief  object  of  the  tongue  and  groove  is 
to  keep  the  surfaces  joined  flush  with  each  other.  The  tongued  end 
also  prevents  the  board  from  warping  and  in  case  of  shrinkage  pre- 
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vents  dust  from  passing  through,  but  does  not  prevent  the  appear- 
ance of  an  open  joint.  To  overcome  the  bad  effect  produced  by 
shrinkage,  a  bead  is  often  worked  next  to  the  tongue,  as  in  C  and 
D;  the  joint  then  has  the  same  appearance  as  the  "quirk"  on  the 
other  side  of  the  bead,  unless  the  shrinkage  is  very  great.  Boards 
tongued  and  grooved,  as  at  B,  are  called  "matched"  boards,  and 
when  beaded  are  called  "matched-and-beaded" ;  if  there  are  two 
beads  they  are  "double-beaded,"  and  if  there  is  a  bead  at  the  center 
they  are  "center-beaded,"  The  tongue  and  groove  is  extensively 
used  in  flooring  and  sometimes  in  sheathing,  while  the  matched-and- 
beaded  joint  should  be  used  for  ceiling. 

241.  SPLINED  JOINTS.  A  splined  joint  is  practically  the 
same  as  a  tongued-and-grooved  joint,  except  that  both  edges  are 
grooved,  and  the  tongue  or  "spline,"  as  it  is  called,  is  made  of  a 
separate  piece,  as  at  E,  Fig.  350.  Splined  joints  are  not  as  fre- 
quently used  as  the  tongued-and-grooved;  in  joining  very  thick 
stuff,  however,  as  3  or  4-inch  planking,  the  spline  is  more  economical 
of  material,  and  in  making  a  very  fine  joint  it  is  superior  to  the 
tongue-and-groove. 

242,  MITERED  JOINTS.  A  mitered  joint  is  made  by  bevel- 
ing the  parts  joined  so  that  the  plane  of  the  joint  bisects  the  angle. 
It  is  used  in  making  the  angles  of  bases,  all  horizontal  moldings,  fine 


wainscoting,  etc. ;  in  fine  cabinet-work ;  and  in  making  the  angles 
where  moldings  are  carried  around  openings. 

With  a  true  miter  all  parts  of  the  moldings  intersect  perfectly,  as 
at  ^,  Fig.  351. 

When  skillfully  done  the  miter  makes  the  handsomest  joint,  and 
in  many  places,  as  with  panel-molds,  it  is  the  only  joint  that  is  prac- 
ticable. A  mitered  joint,  however,  has  the  disadvantage  that  any 
shrinkage  in  the  wood  causes  the  joint  to  open  at  the  inner  edge,  as 
shown  at  B,  where  the  dotted  lines  show  the  pieces  when  first  joined, 
and  the  full  lines  show  the  pieces  after  they  have  shrunk.  It  is  not 
uncommon  to  see  door  and  window-casings  that  have  shrunk  so  as 
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to  open  the  joint  a  quarter  of  an  inch.  This,  of  course,  looks  very 
bad,  and  hence  the  mitered  joint  should  only  be  used  when  the  wood 
is  thoroughly  kiln-dried  and  not  allowed  to  swell  afterwards,  as  no 
mechanical  device  will  prevent  wood  from  shrinking. 

Mitered  Joints  for  Bases,  Wainscoting,  Built-Up  Posts,  etc.  In 
the  cheaper  grades  of  work  the  pieces  are  simply  mitered  and  glued 
or  nailed  together.  Such  a  joint  is  not  very  strong,  as  the  glue 
does  not  hold  very  strongly  on  the  end-wood,  and  neither  do  nails. 
-When  a  plain  miter  is  used  in  cabinet-work,  the  edges  should  be 
grooved  and  a  hardwood  dowel  should  be  glued  and  driven  in,  as 
at  C,  Fig.  351. 

A  still  better  joint  is  that  shown  at  D,  a  rebated,  nailed,  mitered 
joint.  In  such  a  joint  the  parts  can  be  securely  nailed  from  both 
f^ces,  and  portions  of  the  joint  are  parallel  with  the  grain.  When 
internal  angles  are  mitered  and  glued  before  they  are  put  up,  the 
joint  may  be  strengthened  by  inserting  thin  strips  of  hardwood, 
called  "keys,"  in  the  back  of  the  joint,  as  shown  at  £.  These  may 
be  either  horizontal,  as  at  K,  or  inclined,  as  at  k,  the  latter  being 
the  stronger.  All  of  these  joints,  slightly  modified,  are  applicable 
to  acute  and  obtuse  as  well  as  to  right  angles. 

For  first-class  work  all  mitered  joints  should  be  glued  and  further 
strengthened  by  dowels,  blocks  or  brads.  Mitered  joints  for  casings 
are  described  in  Art.  261. 

243.  COPED  JOINTS.  A  coped  joint  is  only  used  in  connec- 
tion with  moldings;  it  is  made  by  cutting  the  end  of  one  molding 
to  fit  the  profile  of  the  other,  as  in  Fig.  352.    When  nicely  made  a 
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Fig.  352.     Coped  Joints. 

coped  joint  cannot  be  distinguished  from  a  mitered  joint,  that  is, 
if  the  moldings  are  alike  and  not  too  elaborate.  When  one  molding 
comes  against  another  of  a  different  pattern,  the  one  which  is 
stopped  should  be  coped  to  the  other. 

Sash-bars  or  muntins,  the  rails  and  stiles  of  sashes  and  of  solid, 
molded  doors  and  paneling,  ogee  casings,  etc.,  are  usually  coped. 

A  coped  joint  has  the  advantage  over  the  mitered  joint  in  that 
any  shrinkage  in  the  piece  that  is  coped  does  not  open  the  joint,  and 
if  the  other  piece  shrinks  the  joint  does  not  open  as  badly  as  with  a 
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mitered  joint.  Only  comparatively  plain  moldings,  however,  can 
be  successfully  coped. 

244.  COVERED  JOINTS  AND  HOUSED  JOINTS.  The 
author  has  used  the  term  "covered"  joint  to  designate  those  joints 
in  which  the  edge  of  one  part  laps  over  onto  the  face  of  the  other, 
usually  from  5^  to  ^  of  an  inch. 

When  two  pieces  of  finish  are  joined  parallel  with  the  grain  a 
covered  joint  should  be  used  when  possible,  as  it  permits  the  parts 
to  shrink  moderately  without  opening  the  joint.  The  joint  is 
usually  made  by  rebating  or  ploughing  the  edge  of  the  projecting 
piece,  as  at  A  and  B,  Fig.  353.  Rebated  or  ploughed  joints  are 
always  used  in  making  paneled  work,  and  with  raised  moldings, 
back-bands,  etc. 

A  **housed"  joint  is  one  in  which  the  end  or  edge  of  one  piece 
is  wholly  let  into  the  side  of  the  other,  as  at  C,  Fig.  353.  Housed 
joints  are  used  principally  in  joining  the  ends  of  stair-treads  and 
risers  to  the  wall-string,  and  to  a  closed  string,  and  in  uniting  the 
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angles  of  cisterns  and  tanks.  It  makes  a  strong  as  well  as  a  neat 
joint  for  such  places.  A  grooved  or  ploughed  joint  like  that  at  A, 
Fig.  350,  is  sometimes  called  a  "housed"  joint,  but  the  author  pre- 
fers to  confine  the  latter  term  to  a  joint  like  that  at  C,  Fig.  353. 

245.  DOVETAILED  JOINTS.  A  "dovetail"  is  a  tenon  or  pin, 
made  in  the  shape  of  a  truncated  wedge,  the  outer  end  being  the 
wider,  as  shown  in  Figs.  354  to  357.  Such  a  tenon,  when  fitted  into 
a  mortise  or  groove  of  corresponding  shape,  obviously  cannot  be 
drawn  out  without  shearing  the  wood ;  hence  a  dovetailed  joint  is 
very  strong,  irrespective  of  glue  or  nails.  Dovetailing,  however,  is 
seldom  used  in  joining  standing  finish.  It  is  confined  principally  to 
fittings,  cabinet-work  and  furniture.  Still  there  are  places  in  other 
kinds  of  work  where  the  dovetail  makes  the  best  joint  and  should 
be  used  in  preference  to  others. 

Details  A  and  B,  Fig.  354,  show  dovetailed  joints  suitable  for  re- 
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entering  angles  in  joiners'  work.  That  at  A  is  also  used  for  secur- 
ing the  balusters  of  stairs  to  the  treads. 

Fig,  355  shows  the  "common-dovetail"  joint  for  external  angles. 
This  is  the  strongest  joint,  but  is  not  used  in  cabinet-work,  unless 
the  pin-^nds  showing  on  the  face  can  be  cov- 
ered with  a  molding. 

The  joint  shown  in  Fig.  356  is  called  a 
"lapped  dovetail,"  because  the  front  laps 
over  the  ends  of  the  pins  so  that  they  do  not 
show  on  the  face.  This  makes  nearly  as 
strong  a  joint  as  the  common  dovetail,  and 
is  largely  used  in  uniting  the  front  and  sides 
of  drawers. 

For  highly  finished  drawers  and  boxes  the 
"mitered  dovetail"  or  "secret  dovetail 
shown  in  Fig.  357,  is  sometimes  used  by  cab 
inet-makers.  Only  one  of  the  boards  to 
form  the  angle  is  shown  in  detail ;  the  other 
is  made  to  fit  the  projections  and  indents 
tions  of  the  one  shown.     When  put  together 

this  joint  has  the  appearance  of  a  mitered  jomt  but  as  the  dovetails 
have  only  one-half  as  much  holding-surface  it  is  only  about  half  as 
strong  as  the  lapped  dovetail,  and  the  latter  is  to  be  preferred  for 
large  drawers.     Dovetailed  joints  in  joinery  are  always  glued. 


246.  GLUED-AND-'BLOCKED  JOINTS.  Many  joints  in 
joinery  and  cabinet-work  are  made  by  gluing  the  connecting  parts 
together,  and  also  gluing  blocks  of  wood  into  the  reentering  angle, 
as  in  Fig.  358,  to  further  strengthen  the  joint  and  preserve  llie 
shape  of  the  angle.  Such  work  is  said  to  be  "blocked-and-glued," 
and  as  long  as  the  glue  holds  it  makes  a  strong  joint 
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For  all  sorts  of  curved  surfaces  small  blocks  are  glued  together 
and  then  covered  with  a  veneer,  or  sometimes  the  wood  is  bent  to 

the  form  required  and  blocks  are  glued  to  the 

back  to  keep  it  so. 

Glue  is  also  used  by  itself  to  connect  the 

edges  of  boards  in  making  one  wide  board, 

and  when  the  g^ain  of  the  wood  is  carefully 
^'^^'Bkikcd^jlTnlr'*'        matched  the  joint  can  hardly  be  detected. 

If  the  boards  are  thoroughly  dry  and  a  good 
quality  of  glue  is  used,  the  joint  will  be  as  strong  as  the  solid  wood. 
Such  joints,  however,  sometimes  come  apart  through  continual 
changes  in  temperature  and  humidity,  or  because  the  wood  was  not 
thoroughly  dry;  so  that  it  is  always  best  to  strengthen  them  by 
dowels,  or  by  a  tongue-and-groove.  Glue  is  very  extensively  used 
in  the  best  grade  of  joinery  and  in  cabinet-work,  but  it  is  best  not  to 
depend  upon  it  entirely,  except  in  the  case  of  veneers,  etc. 

247.  FRAiMED  FINISH.  MORTISE-AND-T  E  N  O  N 
JOINTS.  All  large  pieces  that  are  free  to  warp  and  twist,  such 
as  doors,  shutters,  sashes,  etc.,  and  interior  panel-work  of  every 
kind,  should  be  "framed"  together  by  making  a  frame  of  boards 
running  parallel  with  the  outside  edges  of  the  work.  The  space 
enclosed  by  the  "frame"  is  usually  filled  with  panels  made  of  wood 
or  glass.  Wood  panels  may  be  set  flush  with  the  frame  or  sunk, 
as  preferred.  When  the  piece  is  very  large,  exceeding  2  by  3  feet, 
the  frame  should  be  divided  into  two  or  more  panels  by  cross-pieces 
framed  into  the  outer  pieces.  As  the  boards  or  planks  used  in 
forming  the  frame  are  usually  not  more  than  6  inches  wide,  and 
often  not  more  than  2  or  3  inches,  the  size  of  the  frame  is  but  little 
affected  by  shrinkage.  The  shrinkage  that  would  naturally  occur 
in  so  wide  a  piece  is  taken  up  by  the  panels,  which  should  be  so 
arranged  that  the  effects  of  shrinkage  or  swelling  will  not  be  ap- 
parent. Framed  work  is  also  less  likely  to  warp  than  any  other 
arrangement  of  pieces,  because  the  grain  in  the  different  parts  of  the 
frame  runs  in  different  directions.  The  greater  the  number  of 
panels,  the  less  is  the  liability  to  warp.  ^ 

The  pieces  forming  the  frame  should  always  be  joined  by  mortis- 
ing and  tenoning,  which  is  similar  to  the  same  operation  in  car- 
pentry, except  that  it  has  to  be  done  with  greater  care  and  neatness. 
The  tenons  should  have  a  thickness  from  one-fourth  to  one-third 
that  of  the  frame,  and  the  breadth  should  be  about  two-thirds  of 
the  breadth  of  the  piece,  but  no  single  tenon  should  be  more  than 
4  inches  wide,  as  a  broad  tenon  may  shrink  considerably  and  be- 
come loose,  besides  necessitating  a  wide  mortise,  which  might 
weaken  the  frame.    Hence  when  the  wood  is  wide,  say  over  7 
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inches,  a  double  tenon  should  be  used,  as  at  B,  Fig.  359.  This 
drawing  also  shows  a  "haunch"  on  the  tenon,  which  is  seldom  used, 
however,  except  in  the  very  best  work. 

When  the  mortise  comes  at  the  end  of  a  stile  or  rail  the  tenon  is 
usually  cut  as  at  A.  The  piece  containing  the  mortise  should  be 
left   long,    as    shown 

by    the    dotted    lines,      /,  ■  y\ ^  rr\ 

and  not  cut  off  until 
the  glue  is  hard. 

The  tenon  should 
be  secured  in  the 
mortise  by  wedging 
and  gluing,  as  shown 
by  the  dotted  lines, 
the  mortise  being  cut 
a  little  large  to  ac- 
commodate  the 
wedges.       In     cheap 

doors    the    tenons    are  Fig.  359.     Mortise-and-Tcnon  Joints. 

often  secured. by  pins 

which  show  on  the  face,  but  this  method  of  fastening  is  inferior  to 

the  wedged  joint. 

248.  DOWELED,  KEYED  AND  SPLINED  JOINTS.  When 
plain  surfaces  of  boarding  of  considerable  extent  are  required  for 
wainscoting  dadoes,  etc.,  they  should  be  built  up  of  narrow  boards, 

from  3  to  4  inches  wide,  carefully  jointed, 
doweled  and  glued  together  edge  to  edge,  and 
keyed  on  the  back  by  tapering  pieces  of  kiln- 
dried,  hard,  wood  let  into  a  wide  dovetailed 
groove,  as  shown  in  Fig.  360.  These  keys  keep 
the  surface  of  the  boards  in  the  same  plane  and 
allow  the  work  to  shrink  and  expand  with 
changes  in  the  humidity  of  the  air  of  the  room. 
They  should  be  driven  tight  but  not  glued.  In 
fitting  the  boards  together  they  should  be  so 
placed  that  the  direction  of  the  annual  rings  in 
each  piece  is  reversed. 

Very   often   the    edges   of   the   boards   are 
grooved  and  a  hard-wood  strip  or  "spline"  is 
^'^'  fe^e%d^5oTnt8.  *"^     let  in  the  whole  length  to  strengthen  the  joint; 

but  dowels  are  superior  to  this  device  for  the 
reason  that  a  groove  leaves  a  thin  tongue  of  wood  on  each  side  of 
the  board,  which  is  liable  to  curl  and  thus  cause  the  joint  to  open,  as 
in  Fig.  361.    When  dowels  are  used  no  such  defect  is  likely  to  occur, 
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Fig.   361.     Splined 
Joint,  Opening. 


as  the  edges  of  the  boards  are  not  cut  except  at  intervals  where  the 
dowels  are  placed,  and  then  only  by  holes  just  large  enough  to  re- 
ceive them. 

When  it  is  desired  that  a  dado  shall  appear  like  one  wide  board 
of  hardwood,  a  backing  of  pine  should  be  glued  up,  as  described 

above  and  the  face  then  covered  with  a  thin  veneer 

r-  ■  •v- 1        of  the  finished  wood.     In  the  very  best  work  two 

I y        t        thicknesses  of  veneering  are  used,  as  described  in 

Art.  285. 

Occasionally  doors  are  designed  to  appear  as  if 
made  of  a  single  plank  of  wood,  generally  of  some 
expensive  hardwood.  To  obtain  this  effect  and  at  the  same  time 
have  a  door  that  will  not  warp,  the  door  must  be  framed  and  filled 
with  flush  panels  and  then  veneered  with  two  thicknesses  of  very 
fine  veneer,  as  described  in  Art.  257. 

249.  SCRIBING.  This  is  the  operation  of  bringing  the  edge 
of  a  piece  of  wood,  usually  a  long  strip,  to  fit  close  to  an  irregular 
surface,  as  in  fitting  the  edge  of  a  board  to  a  plastered  wall  that  is 
not  a  true  plane,  or  to  rough  stonework.  It  is  done  by  placing  the 
board  so  that  it  will  be  parallel  to  its  intended  position  and  as  near 
to  the  irregular  surface  as  convenient,  and  then 

setting  a  carpenter's  compass  so  as  to  cut  off  just 
enough  to  give  the  proper  width  to  the  board;  one 
point  is  drawn  along  the  irregular  surface  while 
the  other  is  made  to  scratch  a  line  on  the  face  of 
the  board,  as  shown  by  the  dotted  line.  Fig.  362. 
This  line  will,  of  course,  be  exactly  parallel  to  the 
profile  of  the  surface,  and  when  the  board  is  cut 
it  will  fit  exactly  in  position. 

250.  PUTTING  UP  THE  FINISH.  This 
is  the  last  operation  performed  by  the  joiner, 
and  as  it  varies  with  different  kinds  of 
work,  it  will  be  described  in  connection  with  the 
finish. 

251.  MOLDINGS.  I.  General  Considerations.  Although  the 
moldings  used  in  connection  with  the  interior  or  exterior  finish  of 
the  better  class  of  buildings  are  usually  made  in  accordance  with 
the  architect's  full-size  details,  and  hence  are  seldom  exactly  alike 
in  any  two  buildings,  yet  there  are  certain  shapes  that  are  so  com- 
monly used  as  to  have  specific  names,  and  class-names  have  been 
given  to  moldings  used  for  particular  purposes,  irrespective  of  the 
shape  of  the  members.  As  these  names  are  in  common  use  among 
builders  and  architects,  and  are  often  used  in  the  specifications,  it 


Fig.  362.      Scribing. 
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seems'  advisable  to  define  them  before  entering  upon  a  description 
of  the  finish. 

2.  Names  of  Moldings.*  In  Fig.  363  are  shown  sections  of 
moldings  that  are  used  with  so  little  variation  as  to  have  a  name. 
These  moldings  may  vary  in  size^  but  the  shape  is  always  practically 
the  same.  For  every  molding  shown  in  section  or  profile  in  this 
figure,  there  is  a  name  printed  either  under  or  on  the  molding  itself. 

Most  of  these  terms  require  no  further  explanation.  The  "quirk" 
is  not  a  molding  proper,  but  is  the  little  groove  formed  at  the  side 
of  a  molding,  sunk  a  little  below  the  surface,  and  used  most  com- 
monly with  the  "bead"  or  "torus."     Beads  are  extensively  used  in 


Fig.  3  6 J.     MoldiDgg  Used 


interior  finishing,  often  with  the  quirk,  to  conceal  a  joint.  When 
several  of  them  are  used  together  in  the  center  of  a  board  they  are 
called  "reeding."  The  term  "fillet"  is  used  to  designate  a  narrow, 
flat  surface,  usually  not  more  than  J^  of  an  inch  wide,  on  each  side 
of  a  molding  or  between  moldings.  Fluting  may  have  either 
rounded  or  square  "channels,"  the  rounded  being  generally  under- 
stood.    Molded  "nosings"  may  be  of  almost  any   shape,  but  are 

*  All  of  Ihe  molding*  lued  in  conn«iion  wiih  the  "five  orders"  of  archlleclurt  hare 
■pecilic   namei.  but  toae  of  them   an   practically  otnolele  with  builders,  and  only  such 


tTbe  moldings  shown 


n  Fif).  36J  *nd  j65  are  drawn  from  one-third  li 
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generally  rounded  on  top.  Besides  these  names,  which  indicate  the 
shape  of  the  molding,  there  are  also  two  terms,  "solid  molding"  and 
"sprung  molding,"  which  apply  to  moldings  of  different  outlines. 

A  "solid  molding"  is  one  in  which  the  wood  fills  the  space  be- 
hind the  molding  proper,  usually  to  a  right  angle.  A  "sprung 
molding"  is  one  worked  from  a  board  or  thin  piece  so  that  the  back 
is  parallel  to  a  line  tangent  to  the  face.     When  such  a  molding  is 


set  in  its  proper  position  against  a  board  there  will  be  a  space 
behind  it.  The  crown-moldings  and  the  larger  cove-moldings 
shown  in  Fig.  363  are  sprung  moldings,  while  the  others  are  sdid 
moldings.     Bed-moldings   (see  Fig.  365),  unless  quite  small,  are 


usually  sprung  moldings  Pesides  moldings  proper,  there  are  also 
the  bevel  Lhamfer  and  rebate  shown  in  Fig,  364,  that  are 
extensively  used  m  jomery. 

3.     Kinds  of  Moldings.    There  are  different  moldings  used  for 
different  and  distinct  purposes ;  they  may,  and  usually  do,  vary 
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much  in  their  profile,  but  the  general  shape  is  usually  about  the 
same  for  each  kind  of  molding.  Those  terms  which  are  generally 
recognized  by  carpenters  and  millmen  are  illustrated  in  Fig.  365. 
A  "band-mold"  *  is  one  that  is  nailed  or  glued  to  the  face  of  other 
parts  of  the  finish.  A  "bed-mold"  is  one  used  in  the  angle  formed  . 
by  a  soflfit  with  a  vertical  surface.  "Raised  moldings"  are  used 
principally  in  connection  with  panel-work  and  are  almost  always 
of  the  general  shape  shown.  Flush-panel  moldings  are  made  in  a 
variety  of  patterns,  but  one  with  a  quirk  next  to  the  stile  or  rail  is 
best,  as  it  will  not  show  the  effects  of  sliglj^  shrinkage. 
I  The  "base-mold,"  A,  square  at  the  bottom,  may  be  used  when  a 

f  plain  board  is  used  for  the  base.    If  the  base  is  molded  a  rebated 

base-mold  is  preferable.    Base-molds  should  be  comparatively  thin  at 
the  top  so  that  they  may  be  sprung  to  fit  the  plastering  if  the  latter  is 
not  perfectly  straight, 
t  Moldings  are  said  to  be  "planted  on"  when  they  are  nailed  or 

glued  to  the  face  of  a  wider  molding  or  board.  Band-molds 
are  always  planted  on.  The  term  "stuck  molding"  is  sometimes 
used  to  designate  a  molding  that  is  worked  on  the  edge  of  a  board 
or  plank,  but  the  word  "stuck"  more  commonly  refers  to  the  mak- 
ing of  the  molding,  that  is,  to  its  passage  through  the  machine. 

4.  Stock  Moldings.  A  great  many  moldings  are  carried  in  stock 
by  the  larger  lumber-dealers.  Books  published  by  manufacturing 
companies  give  full-size  sections  of  the  moldings  usually  kept  on 
hand. 

*  Most  of  the  moldings  shown  in  Fig.  363,  and  those  marked  S 

in  Fig.  365,  are  stock  moldings.  When  only  small  quantities  of 
moldings  are  needed  it  is  cheaper  to  use  stock  patterns,  which  can 
usually  be  made  to  answer  for  the  exterior  finish  of  moderate- 
priced  houses.  The  speculative  builder  uses  them  altogether,  as  a 
rule  For  the  interior  finish  and  on  the  exterior  of  the  better  class 
of  buildings  the  architect  usually  prefers  to  design  the  moldings 
himself,  and  in  such  case  he  should  specify  that  "all  moldings  are 
to  be  stuck  according  to  the  full-size  details." 

5.  Price  of  Moldings,  Moldings  are  universally  sold  by  the 
linear  foot,  the  price  for  the  same  wood  varying  with  the  number 
of  square  inches  in  the  cross-section  of  the  piece  from  which  the 
molding  is  worked. 

Hence  in  writing  specifications  for  estimates,  if  the  full-size  de- 
tails are  not  to  be  furnished  at  that  time,  the  architect  should 
specify  the  size  of  the  wood  from  which  the  various  moldings  are 

*  The  term  "mold"  for  molding  is  here  used  because  it  is  almost  universally  used  by 
mechanics  when  a  prefix  is  added. 
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to  be  worked,  and  the  contractor  can  then  estimate  as  accurately  as 
if  he  had  the  profile,  as  the  profile  does  not  usually  affect  the  cost. 
When  several  moldings  are  used  together  each  piece  is  called  a 
"member,"  and  the  number  of  members  with  the  size  of  each  should 
be  specified. 

Almost  any  molding  that  the  architect  chooses  to  design  can  be 
made  by  machinery,  but  those  which  are  "undercut"  are  more  diffi- 
cult to  work  than  those  which  are  not. 

252.  DETAILING  THE  FINISH.  As  most  of  the  individ- 
ual moldings  with  which  interior  finish  is  ornamented  are  usually 
quite  small,  they  can  Se  properly  shown  only  by  full-size  details. 
To  study  the  relation  and  proportions  of  the  parts,  drawings  made 
to  a  scale  of  ^/^  or  ^  of  an  inch  to  the  foot,  usually  called  "scale 
details,"  are  of  the  greatest  assistance,  and  in  the  case  of  elaborate 
work,  such  as  staircases,  mantels,  sideboards  and  other  fittings, 
quite  indispensable.  As  a  rule  the  architect  will  obtain  the  best 
results  with  the  least  labor  by  drawing  all  special  finish  to  one  of 
the  scales  above  mentioned  and  then  showing  the  profile  of  the 
moldings  by  full-size  sections,  without  attempting  to  draw  the  entire 
object  full  size.  All  important  dimensions  should  be  indicated  in 
figures  on  the  scale  details  the  same  as  on  a  plan.  All  carving 
should  also  be  drawn  full  size,  but  where  it  is  symmetrical  but 
one-half  need  be  shown. 

Nearly  all  work  that  is  built  in  or  made  a  part  of  the  building  has 
to  be  made  to  fit  the  constructional  portions,  and  as  these  usually 
vary  slightly  from  the  plan,  even  when  the  work  has  been  very 
carefully  done,  it  is  customary  for  the  person  who  is  responsible 
for  the  proper  execution  of  the  finish  to  make  careful  measure- 
ments of  the  building  after  the  grounds  are  set,  and  from  these 
measurements  to  lay  out  the  work,  if  it  is  to  be  put  together  at  the 
shop,  full  size,  making  it  as  nearly  as  possible  like  the  architect's 
drawings,  but  fitted  exactly  to  the  place  where  it  is  to  go.  Thus 
it  is  seldom  that  elaborate  work  is  put  together  directly  from  the 
architect's  drawings,  although  when  completed  it  may  appear  so; 
and  hence  much  time  is  often  wasted  by  the  architect  or  his 
draughtsmen  in  making  drawings  that,  except  for  the  sections,  are 
of  no  practical  use. 

Moldings,  however,  are  usually  made  exactly  in  accordance  with 
the  architect's  sections,  the  knives  being  set  to  fit  the  drawings,  and 
drawings  for  turned  work  are  usually  carefully  followed;  hence 
the  necessity  for  care  in  making  such  drawings. 

In  making  the  full-size  sections  the  draughtsman  usually  has 
first  in  mind  the  eflfect  that  will  bfe  produced  by  their  shades  and 
shadows,  as  it  is  these  alone  that  give  values  to  the  moldings;  but 
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it  is  of  fully  as  much  importance  to  design  the  work  so  that  when 
put  together  its  appearance  will  not  be  spoiled  by  the  first  shrink- 
age or  swelling  that  takes  place,  and  this  it  must  be  remembered 
cannot  wholly  be  avoided  in  woodwork.  Methods  for  overcoming 
the  effects  of  shrinkage  will  be  considered  in  describing  the  finish, 
but  the  following  general  rule  for  good  joiner's  work  should  always 
be  kept  in  mind,  namely:  always  use  narrow  boards  in  place  of 
wide  ones,  and  wherever  practicable  always  fix  the  work  so  that 
it  will  be  free  to  expand  or  contract.  Open  joints  and  split  panels 
or  boards  spoil  the  appearance  of  the  finest  work  and  injure  the 
reputation  of  the  architect. 

The  experienced  architect  or  draughtsman  may  also  do  much  to 
keep  down  the  cost  of  the  work  by  so  drawing  his  moldings  as  to 
require  the  least  amount  of  material  without  any  sacrifice  of  ap- 
pearance. Nearly  all  of  the  finishing-woods  are  sawed  to  thick- 
nesses of  ^,94,  I,  1%,  1^/4  and  2  inches.  When  dressed  on  both 
sides  they  lose  %  of  an  inch  in  thickness,  and  when  run  through 
the  molding-machine  or  planer  their  thickness  is  again  reduced 
by  about  Me  of  an  inch ;  so  that  all  molded  members  should  be 
drawn  either  %6,  %6,  *?i6,  i%6,  iHe,  or  i*%6,  inches  thick  to  uti- 
lize the  wood  economically.  The  nominal  size  of  moldings  is  that 
of  the  rough  lumber;  for  example,  "inch-stuff"  when  worked  into 
moldings  is  actually  but  ^%6  of  an  inch  thick,  although  it  is  charged 
at  the  rate  of  i  inch.  In  the  same  way  a  6-inch  board  is  usually  % 
of  an  inch  narrower,  and  stock  casings  are  often  measured  %  an 
inch  wider  than  their  actual  width. 

« 

3.    DOORS,  INSIDE-DOOR  FRAMES  AND  FINISH. 

253.  PLACE  OF  DOORS  IN  THE  CLASSIFICATION. 
These  are  not  always  classed  as  a  part  of  the  interior  finish,  but 
they  form  a  very  important  part  of  the  interior  woodwork  and 
often  give  more  trouble  than  the  standing  finish. 

254.  BATTENED,  LEDGED  AND  BRACED  DOORS. 
Fig.  367  shows  four  types  of  doors  used  plain  in  rough  construc- 
tion, such  as  cellar,  board-partitions,  etc.  The  drawings  illustrate 
the  "framed-and-ledged"  door,  the  "framed-and-braced"  door,  the 
"ledged"  door  and  the  "ledged-and-braced"  door.  Fig.  366  shows 
at  a  a  solid,  battened  door  made  of  two  thicknesses  of  %-inch 
matched  boards,  laid  diagonally,  with  the  boards  on  one  side  laid 
at  right-angles  to  those  on  the  other.  This  type  of  door  is  often 
used  for  the  foundation  of  metal-clad  fire-doors.  Type  &  is  a 
battened  door  made  with  a  framed-up  core,  a  better  method  of 
forming  a  battened  door  than  type  a,  but  more  expensive.    Some- 
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times  doors  of  this  type  are  paneled  on  one  side  and  battened  on 
the  other.  At  c  one  type  of  entrance  door  is  shown.  Type  d  is  a 
door  for  a  box  stall  in  a  stable  and  is  made  unusually  heavy  and 


Fib.  370.     Five- Panel  Sloel 


strong.     Fig.  371  shows  various  types  of  inside  and  outside  doors. 
Types  a,  d,  e,  f,  g,  h  and  »,  are  for  inside  doors ;  o  and  d  are  per- 
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Fig.  371.    Types  of  Interior  and  Entrance  Paneled  Doors. 
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haps  the  most  common.  Types  b  and  c  are  for  outside  or  entrance- 
doors.  The  latter,  which  is  the  commoner  of  the  two,  is  glazed 
in  the  upper  panel. 

255.  STOCK  DOORS,  i.  Materials  Used  in  Stock  Doors. 
In  houses  costing  less  than  $4,000  it  is  generally  necessary  to  use 
"stock  doors."  These  are  made  of  white  pine,  Douglas  fir, 
veneered  birch,  veneered  brown  ash,  veneered  oak,  and  sometimes 
of  whitewood,  of  certain  regular  sizes, and  thicknesses,  and  are 
always  kept  in  stock  by  lumber-dealers.  Cypress  doors  of  different 
designs  are  also  carried  in  stock  in  some  eastern  cities. 

Three  qualities  of  stock  doors  are  usually  kept  on  hand,  namely, 
A,  B  and  C ;  the  A  doors,  which  are  the  best,  being  of  clear  stock 
and  usually  well  made.  B  doors  contain  a  few  small  knots,  and  per- 
haps some  sapwood,  but  will  answer  for  common  painted  work.  C 
doors  should  never  be  specified,  as  they  are  unsuited  for  any  but  the 
cheapest  class  of  work. 

There  are  differences  in  the  construction  of  different  stock  doors. 
The  better  class  of  doors  have  the  tenons  glued  and  wedged,  as  in 
specially  designed  work,  while  doors  of  a  cheaper  kind  are  merely 
glued  and  pinned  with  wooden  dowels  which  show  on  the  face. 

As  stock  doors  are  kept  on  hand  in  a  storehouse  for  some  time 
it  is  impossible  to  keep  them  thoroughly  dry,  so  that  they  are  quite 
sure  to  shrink  when  subjected  to  furnace  heat;  and  if  made  of 
whitewood  they  are  also  quite  liable  to  warp  or  "spring." 

2.  Svse  and  Thickness  of  Stock  Doors.  Stock  doors  are  made 
iH>  ^H  ^^d  154  inches  thick.  The  first  are  sometimes  used  for 
closet-doors,  but  the  i^-inch  thickness  is  generally  used  for  all 
inside  doors  less  than  3  feet  in  width  and  7  feet  in  height.  Sliding 
doors,  however,  as  well  as  all  doors  3  feet  or  over  in  width  or 
exceeding  7  feet  in  height,  and  all  outside  doors  should  always  be 
at  least  ij4  inches  thick.  The  sizes  of  stock  doors  vary  from  2  to 
3  feet  in  width  and  from  6  feet  6  inches  to  7  feet  in  height ;  they 
are  always  made  in  even  inches.  The  height  in  inches,  above  6 
feet,  is  seldom  made  less  than  the  width  in  inches  above  2  feet; 
thus  doors  2  feet  8  inches  by  6  feet  6  inches  or  2  feet  10  inches 
by  6  feet  8  inches  are  not  usually  kept  in  stock. 

3.  Construction  of  Stock  Doors.  Stock  doors  are  as  a  rule 
divided  into  four  panels,  as  shown  in  Fig.  368,  and  in  the  eastern 
and  middle  states,  may  be  obtained  with  plain  or  raised  panels, 
flush  or  raised  moldings,  as  desired.,  A  four-panel  door  answers 
very  well  for  sizes  not  exceeding  2  feet  10  inches  by  7  feet,  but 
for  larger  sizes  it  is  hardly  stiff  enough.  Five-panel  doors,  divided 
as  shown  in  Fig.  369,  are  also  kept  in  stock.    These  are  good. 
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strong  doors,  well  suited  for  a  large  variety  of  buildings  of  a  public 
nature. 

An  objection  to  the  ordinary  four-panel  door,  shown  in  Fig.  368, 
is  that  the  middle  rail  comes  at  the  same  height  as  the  lock,  so  that 
the   mortise   for  the  latter 

tenon,  and  thereby  weakens 
the  door.  In  a  door  paneled 
as  in  Fig.  369  the  lock  comes 
opposite  the  middle  panel 
and  hence  does  not  weaken 
the  door  to  the  same  extent. 
The  rails  of  a  door  are 
always  tenoned  into  the 
outer  stiles,  which  extend 
the  full  length  of  the  door, 
and  the  middle  stile  is  ten- 
oned into  the  rails.  The 
stiles  should  always  be  of  the  proper  width  to  allow  for  the  use  of 
locks  with  regular  "backsets."  Special  backsets  add  to  the  (»st 
and  cause  delay  in  filling  orders.  The  panels  are  set  in  as  shown 
in  Fig.  372,  which  shows  a  raised  panel  and  molding  on  one  side 
and  a  plain  panel  and  a  flush  molding  on  the  other  side.    The 
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moldings  are  usually  fastened  in  place  by  small  nails  or  brads,  which 
should  not  penetrate  the  panels. 

4.  Ogee  or  0.  G.  Slock  Doors.  The  stock  doors  commonly 
sold  throughout  the  West  do  not  have  a  separate  panel-mold,  but 
an  c^e  molding  is  worked  on  the  edges  of  the  rails  and  stiles,  as 
shown  in  Fig,  373 ;  hence  these  doors  are  commonly  called  "O.  G, 
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doors."  They  are  a  little  cheaper  than  the  molded  doors,  but  less 
desirable,  because  the  panels  are  not  held  so  securely,  and  some- 
times shrink,  so  as  to  draw  out  of  the  groove.     (See,  also.  Fig. 

386.) 

In  most  of  the  larger  cities  several  patterns  of  "front  doors"  are 
carried  in  stock  which  answer  very  well  for  cottages,  but  are  seldom 
good  enough  for  a  house  costing  over  $2,500. 

5.  Stock  Sliding  Doors.  When  a  stock  door  or  other  door  is 
to  be  used  as  a  sliding  door,  a  meeting-molding,  similar  to  that 
shown  in  Fig,  374,  should  be  glued  and  bradded  to  the  meeting- 
edges  of  the  doors  and  a  small  molding,  corresponding  with  the 
projecting  portion   of   the   meeting-moldings,   should   be  carried 


Fif.  375-  Aslragal  Mold- 
ing for  Meeling-Beili 
of  Ootiide  Double 
Doois.  Double  Uoori. 

across  the  top  and  down  the  back  of  the  door.  These  moldings  fit 
against  the  jamb  and  prevent  the  face  of  the  door  being  scratched. 
The  tongue  and  groove  on  the  meeting-molding  may  be  either  bev- 
eled or  curved,  as  desired. 

6.  Slock  Double  Doors.  These  doors  are  hung  with  butts  and 
often  have  the  meeting-rails  rebated.  This  does  well  for  inside 
doors  but  for  outside  doors  it  is  better  to  screw  an  astragal  or 
"weather-molding"  to  the  edge  of  the  standing  part,  as  shown  in 
Fig.  375.  This  protects  the  joint  from  the  weather  and  also  holds 
the  doors  more  firmly  together.  If  the  doors  are  very  heavy  an 
"astragal"  should  be  screwed  to  each  of  them,  as  shown  in  Fig.  376, 
These  suggestions  apply  either  to  stock  doors  or  specially  designed 
doors. 

256.  SPECIALLY  DESIGNED  DOORS.  These  include  all 
doors  that  are  made  to  order  from  the  architect's  drawings.  They 
should  be  made  of  stock  that  has  been  well  air-seasoned  and  thor- 
oughly kiln-dried,  and,  if  a  hardwood  finish  is  required,  it  should 
be  veneered  on  a  pine  core.     The  specifications  should  describe  all 
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particulars  of  their  manufacture,  and  i-inch  or  ^-mth  sca1e-<]raw- 
ings  should  be  made,  with  the  width  of  the  stiles,  rails  and  panels 
carefully  figured.  All  moldings  and  ornamental  work  should  be 
drawn  full  size, 

"Solid"  doors  are  usually  made  in  much  the  same  way  as  stock 
doors,  except  that  more  care  is  taken  with  them,  and  they  are  kept 
perfectly  dry.     If  the  architect  wishes  to  have  the  doors  made  in 


Fig.  381.J 


the  best  manner,  he  should  require  that  the  tenons  be  made  with 
haunches,  as  shown  in  Figs.  359  and  380,  and  that  the  panels  be 
put  in  without  bradding  or  gluing,  as  described  in  Art.  257. 

When  the  doors  are  made  to  order  the  panels  may  be  arranged 
as  desired,  although  the  cost  of  a  door  depends  largely  upon  the 
number  of  panels.  For  solid  doors,  and  for  ordinary  veneered 
doors,  an  arrangement  of  panels  like  that  shown  in  Fig.  370  is  very 
satisfactory,  as  it  makes  a  very  strong,  well  proportioned  door  the 
panels  of  which  are  not  so  wide  as  to  cause  excessive  shrinkage. 
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The  two  upper  panels  may  be  reversed,  as  shown  by  the  dotted 
lines,  if  desired. 

F'g-  377  shows  a  door  with  but  a  single  panel,  which  may  be 
used  either  as  an  inside  door  or  as  a  front  door,  (See  Fig.  382  for 
detail.)  Figs.  378  (see  Fig.  385  for  detail)  and  379  (see  Fig. 
383  for  detail  on  line  A  B)  show  two  designs  for  outside  doors, 
Uie  latter  of  which  is  cut  in  two  horizontally,  so  that  it  is  really  two 


doors.  This  style  of  door  is  usually  called  a  "Dutch  door." 
Doors  with  panels  over  12  inches  wide  must  be  made  with  much 
more  care  than  doors  with  narrow  panels.  The  thickness  of  doors 
with  large  panels,  such  as  are  shown  in  Figs.  377  and  379,  must  be 
at  least  2  inches  for  doors  3  feet  4  inches  wide  and  under,  and  2]4 
inches  for  doors  over  that  width, 

257.  VEN'EERED  DOORS.  Doors  which  are  to  show  hard- 
wood finish  should  be  constructed  as  shown  in  Fig.  380,  or  accord- 
ing to  some  approved  variation  of  this  general  method,  and  pine  or 
other  softwood  doors  intended  for  a  finely  finished  room,  should 
be  made  in  the  same  way.    The  stiles  and  rails  are  made  by  sawing 
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%-inch  clear-pine  boards  into  strips  as  wide  as  the  door  is  to  be 
thick,  less  '/x  an  inch,  and  carefully  gluing  them  together,  face  to 


face,  until  the  width  of  the  stile  or  rail  is  obtained.     The  outer 
edge  of  the  stiles  is  covered  with  a  ^-inch  strip  of  the  finish-wood. 
The  core  thus  made  is  covered  with  a  veneer  of  hardwood  ^  of  an 
inch  thick.     The  rails  are  tenoned  into  the  stiles 
in  the  usual  way,  except  that  a  J^-inch  haunch 
is  left  the  full  width  of  the  rail  (less  the  groove 
for  the  panel-tongue)  which  fits  into  the  groove 
in  the  stile  as  shown  by  the  isometric  drawing 
E,  Fig.  380.     The  panels  are  not  tongued  into 
to     the  stiles  and  rails,  but  a  hardwood  strip  of  the 
"•■     thickness  of  the  panels  is  glued  into  them  in- 
stead.    Against  this   strip   the  panel-moldings 
are  glued,  thus  leaving  the  panel  loose  and  free 
to  move.     If  the  panels  of  solid,  pine  doors  were 
Fit.    j8i.   Dewii    of     sccurcd  in  this  way  there  would  be  no  chance 
ii'cte.*'""  '^'     for  the  panels  to  crack.     When  the  door  con- 
tains a   single,  glass  panel   a   strip   should  be 
glued  into  the  stiles  and  rails  as  if  for  a  panel,  but  the  inner  panel- 
mold  should   be  cut  off  flush   with  the  (op  of  the   strip  and  a 
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separate  molding,  wide  enough  to  cover  both  the  strip  and  the 
panel-mold,  should  be  tacked  in  to  hold  the  glass,  as  shown  in  Figs. 
381  and  383.     Some  modern  processes  use  thinner  veneers. 

If  the  panels  are  very  wide  they,  also,  should  be  veneered,  the 
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grain  of  the  core  running  at  right-angles  to  that  of  the  veneer. 
Fig.  382  shows  a  section  through  the  stile  and  panel  of  the  door 
shown  in  Fig.  377,  and  Fig.  383  represents  a 
section  on  the  line  A  B,  Fig.  379 

Fig.  384  shows  a  section  through  a  door, 
made  in  two  halves  and  glued  t<^ether,  the 
paneling  on  the  opposite  sides  of  the  door 
being  different. 

When  it  is  desired  to  make  a  door  or 
wainscot  appear  like  one  wide  board  or  a 
number  of  boards  glued  together  flush  with 
each  other,  as  in  the  door  shown  in  Figs.  378 
and  385,  a  different  method  of  veneering  and 
building  up  must  be  employed.  For  such  a 
door  the  frame  is  glued  up  in  the  usual  way, 
and  the  flush  panels  are  made  by  gluing  to- 
gether edgewise  a  number  of  pieces  of  pine, 
ash  or  chestnut,  3  or  4  inches  wide.  Care 
should  be  taken  that  the  direction  of  the 
annual  rings  in  each  piece  is  reversed,  as 
shown  at  BB  in  the  horizontal  section.  Fig. 
385,  which  shows  the  construction  of  the 
bottom  portion  of  the  door  shown  in  Fig,  378, 
The  edges  of  the  strips  are  also  doweled  to- 
gether, as  shown  in  the  section. 

On  the  door  thus  formed  are  glued  four 
veneers,  each  about  Ha  of  an  inch  thick,  two 
on  each  side,  in  such  a  way  that  the  grain 
crosses.     The  grain  of  the  core  and  the  finish  ^"^^^i 

run  in  parallel  directions, ,  The  inner  or  cross-  ^^m 

veneer  is  usually  of  oak.  ^^^ 

The  advantages  of  doweling,  over  setting     ] 
hard-wood  strips  in  grooves  the  whole  length 
of  the  edge,  were  explained  in  Art.  248. 

If  the  door  is  to  be  ornamented  by  carving  below  the  surface  the 
core  must  be  cut  out  after  it  is  cross-veneered,  and  a  block  of 
finishing-wood,  of  the  same  color  and  grain  as  the  veneer,  set  in 
at  the  proper  place  to  receive  the  carving,  as  shown  at  A,  Fig,  385. 
If  the  carving  is  to  be  above  the  surface,  a  piece  of  the  finishing- 
wood  is  first  sawed  to  the  outline  of  the  carving,  glued  to  the  door 
and  then  carved. 

The  above  paragraphs  and  illustrations  show  the  general  princi- 
ples according  to  which  good  doors  should  be  detailed  and  made; 
but  it  is  impossible  for  the  architect  to  be  sure  that  they  have  been 
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built  as  specified  unless  he  sees  them  in  process  of  construction  at 
the  shop.  The  contract  for  fine,  interior  woodwork  should  there- 
fore provide  for  a  strict  guarantee  of  the  quality  and  durability 
of  the  work,  and  even 
then  it  is  much  better, 
both  for  the  architect  and 
his  client,  to  let  the  woric 
only  to  a  firm  having  an 
established  reputation  for 
first-class  work. 

Fig,  386  shows  various 
examples  of  solid  and 
veneered  doors.  Sec- 
tions t  to  0  show  veneered 
stiles  and  rails  with  solid 
panels,  except  k.  which 
shows  veneered  panels. 
Sections  a  to  A  show  vari- 
eties of  common,  solid 
doors ;  sections  p  to  u 
smaller,  lighter  doors, 
.such  as  are  used  for 
dressers,  china-closets,  etc 
(See,  also,  Art.  315.) 
Fig.  387  *  shows  the  con- 
struction of  the  veneered 
entrance-doors  and  frames 
of  the  Union  County  Court  House,  Elizabeth,  N.  J.,  designed  by 
Ackerman  &  Ross.  Sections  c  and  d  are  vertical  sections  through 
the  lower  and  upper  portions  of  the  doors ;  sections  a  and  b  are 
horizontal  sections  through  the  meeting-stiles  and  jamb,  respec- 
tively. It  will  be  noted  that  the  exterior  and  interior  faces  of  the 
doors  are  very  different.  The  cores  of  the  rails  and  stiles  are  of 
white  pine  and  their  veneering  of  white  oak ;  the  paneling  is  made 
up  of  three  thicknesses  of  white  oak.  The  doors  turn  in  the  jamb 
on  heavy  pivots.     (See,  also,  Art.  75.) 

258.  PATENTED  DOORS.  The  methods  of  door-con- 
struction thus  far  described  are  not  protected  by  patents,  and 
can  be  adopted  by  any  one  having  the  necessary  facilities. 
There  are,  however,  a  few  devices  for  doors  that  have  been 
patented,  and  can  therefore  be  used  only  by  the  patentees  or 
under  license. 


Rg.  J85. 
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Fig.  388  shows  a  section  of  stile,  half  full  si«,  of  a  patent,  veneered 
door.*  The  patent  applies  to  the  manner  in  which  the  veneer  is  laid  on. 
The  interlocking  of  the  core 
and  venecT  by  doubling  the 
gluing-surface  prevents  the 
veneer  from  peeling,  warp- 
ing or  checking.  This  con- 
struction is  especially  de- 
sirable for  outside,  ve- 
neered doors. 

FiS-  389  shows  a  cross- 
section  through  the  stile 
of  the  "Kore-lock"  patent, 
veneered  door.f  The  core 
is  made  up  of  pieces  dove- 
tailed to  each  other  and  to 
the  end  pieces.  The  panel 
is  made  up  of  three  thick- 
nesses. The  doors  are 
made  with  stiles  and  rails 
of  varying  vuidths  and  with 
solid,  raised  or  flush  panel- 
Fig.  390  shows  an  isomet- 
ric perspective  of  the 
"Sterling  Laminated"  flush- 
veneered  door.t  These  doors 
have  no  panels,  but  instead, 
one  flush,  even  surface.  In 
fine  woods,  like  mahogany 
or  Circassian  walnut,  they 
are  less  expensive  than 
paneled  doors.  There  are 
■  fewer  joints  to  open  or 
come  apart.  The  drawing 
shows  the  face-veneer  at 
A,  the  cross-banding  at  B, 
the  hard-wood  bands  on 
both  edges  and  across  the 
top  and  bottom  at  C.  the 
dovetailed  core  at  D  and 
the  suggestions  for  possible 

and  F.  The  cores  or  'cen- 
ter stock"  are  not  only  kiln-drxed,  but  subjected  to  a  treatment  which  removes 
all  acid   from  the  wood.     This  leaves   the  fiber  sound  but  lifeless,  with  the 

•  Made  by  lh«  Compound  Door  Company,  St.  Jostph.  Mich. 

1  Made  by  Ihr    Pain*  Lumbw   Company,   Oshkoih,  Wii. 

t  Made  by   the    Roddia  Lumber   and   Veneir  Company,   Chicago,   III. 


PATENTED  DOORS. 


warping  and  twisting  qualities  destroyed,  and  in  good  condition  for  receiving 
the  laminatiotis  of  cross-banding  and  face-veneers. 


Rg.  389.     The  "Korrfock"  P»lenl  Vene«r«il  Door. 


FiB-  391  shows  in  isometric  perspective  a  door  *  of  somewhat  similar  con- 
struction to  that  shown  in  Fig.  390.  The  dovetailed  cores,  however,  have 
splined   hard-wood  strips  on  the  two  sides  and  two  ends.    Thus  a  very 


Fig.  39'- 


Strong  and   durable  construction  is  secured.    The   tace-veneers,  Wo  of  »" 
inch  thick,  are  laid  at  right-angles  to  the  veneered  cross-banding. 

Fig.  392  shows  the  constructional  elevation  and  a  horizontal  section  of 
part  of  the  rail,  stile  and  middle  part  of  another  patented  door.t  This  is 
a  laminated,  compound  door,  the  weight  of  which,  it  is  claimed,  Is  not  much 
more  than  half  that  of  a  solid  door.  The  doubled  stile-piece  is  interlocked 
10  the  tip  or  edge-piece,  and  rails  and  air-spaces  alternate  with  ribs  across 
the  door.    A  lock-block  is  set  in  at  the  proper  place  for  the  lock. 


tu 
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Special  kinds  of  doors,  such  as  flexible  doors,  or  rolliiiB  partitions  (see  Art. 
278),  revolving  doors  (see  Art.  259),  etc.,  are  described  under  these  headings. 
Special  methods  of  hanging  doors  of  several  folds  for  closing  wide  openings 
are  described  in  Art.  366,  Chapter  VI,    Fig. 
392a  shows  the  "Pyrono"  flush-veneered  fire- 
proof   and    air-proof    door.*    The    "Pyrono" 
process  is  a  mechanical  one  for  fire-proofing 
wood  cores  in  the  manufacturing  of  interior 
trim     and     furnishings.     Partition-doors     and 
frames,  wainscots,  and  ceilings  are  treated  by 
this  process  which  consists  of  covering  the 
cores    with    a    tire-proof    sheathing    of    pure 
t^B^^F^Wpl^Kf      ^s''""'^    3"**    indenting    it    into    the    core   at 
■IK^H^BhIU      numerous  points  under  heavy  pressure.    This 
Fie   10a     The    "E    o   P  " '    fii^e-proof   sheathing   being   in  permanent  con- 

Flush  Door.  tact  with  the  core  excludes  the  oxygen  neces- 

sary to  combustion,  prevents  ignition,  and 
at  the  same  time  permits,  through  small  openings  at  the  base  of  the 
indentations,  the  escape  of  the  gases  developed  from  the  core-wood  under 
high  tempera  lures.  The  sheathing  is  treated  to  prevent  moisture  from 
reaching  the  core  and  therefore  the  door  will  not  shrink  or  swell.  The 
enlarged  detail  shown  in  Fig.  392a  clearly  explains  this  construction  and 
shows  the  application  of  moldings.  When  other  materials  than  wood  are 
required  as  finishes,  such  as  metals,  compositions,  fabrics,  etc.,  they  are 
applied  directly  over  the  indented,  asbestos  sheathing. 

259.  REVOLVING  DOORS.  The  most  efficient  ventilating- 
system  in  any  building  is  seriously  handicapped  by  improper  exit- 
regulations.  The  difficulty  of  an  adjustment  is  manifest  not  only 
in  the  cold,  disagreeable  and  unsettled  months  of  the  year  but  also 
in  hot  weather,  and  it  has  raised  serious  problems  for  the  architect 
and  the  heating  and  ventilating-engineer  to  solve.  Heretofore,  to 
overcome  it,  double  and  triple  sets  of  swingjng  doors  have  been 
provided,  or  where  space  is  limited,  temporary  storm-sheds  have 
been  put  up  in  the  fall  and  taken  down  in  the  spring.  All  these 
precautions,  however,  have  been  found  to  be  only  partially  success- 
ful and  the  great  necessity  for  a  device  for  public  or  semipublic 
entrances  that  would  be  more  efficient,  led  to  the  invention  of  the 
"revolving  door,"  which  was  first  successfully  introduced  and  op- 
erated in  the  year  1888.  Its  inventor  and  promoter,  Mr.  T.  Van 
Kannel,  after  an  exhaustive  investigation  and  severe  tests  of  his 
discovery,  was  awarded  the  highest  medal  by  the  Franklin  Insti- 
tute of  Philadelphia.  Letters  patent  were  taken  out  by  the  in- 
ventor and  all  the  important  patents  on  revolving  doors  are  now 
exclusively  owned  and  controlled  by  the  Van  Kannell  Revolving- 
Door  Company  of  New  York  City. 

•  Uiaubdured  by  The  Pyrono  Procew  Company,  Columbui,  Ohio, 
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At  the  present  time  revolving  doors  are  looked  upon  as  being 
next  to  indispensable  for  office-buildings,  hotels  and  other  buildings 
where  large  numbers  of  people  pass  in  and  out  and  where  it  is 
desirable  to  meet  all  kinds  of  weather-con- 
ditions such  as  wind,  snow,  rain,  du5;t  and 
cold.     They  may  be  seen  in  operation  in 
all  the  principal  cities  in  this  country  and 
in  Canada   and  also  in  many   European 
cities. 

The  "Standard"  revolving  door  consists 
of  a  circular  vestibule  7  feet  in  diameter 
and  7  feet  6  inches  in  height  inside.  The 
front  and  back  of  this  vestibule  are  open, 
as  shown  in  the  illustrations,  but  the  top  or 
ceiling  and  the  two  circular  walls  form  a 
complete  enclosure.  The  revolving  por- 
tion of  the  structure  consists  usually  of 
four  wings,  although  there  are  three  and 
six-wing  cases,  which  are  joined  at  the 
center  and  pivoted  at  the  top  and  bottom. 
The  upper  pivot  or  shaft  is  suspended  from 
a  self-adjusting  carriage-bearing  placed 
on  a  four-wheel  track  arranged  in  two 
strong  iron  channels  placed  in  the  ceiling- 
chamber.  The  wings  are  joined  together 
in  the  center  in  such  a  way  that  they  may 

be  folded  flat  on  -each  other  instantly  and         ""^  '^^„"^/'n^.  ^"''" 
moved  to  one  side  in  a  short  period  of  time. 

Each  set  of  revolving  wings  should  be  equipped  with  a  governing 
devite  attached  to  the  central  shaft  to  control  the  speed  of  the  wings 
when  revolving  and  to  prevent  their  spinning  if  pushed  violently. 
This  device,  which  is  patterned  after  a  "liquid"  door-check,  does  not 
in  any  way  interfere  with  tlie  regular  rotation  of  the  wings,  but  sim- 
ply avoids  the  possibility  of  accident  due  to  the  rapid  spinning  of  the 
door.  This  governor  can  be  regulated  to  any  degree  of  pressure 
required  and  will  check  the  speed  of  the  wings  in  one  revolution. 

If  it  is  necessary  that  the  wings  revolve  continuously  for  some 
time,  as  is  often  the  case  in  department-stores,  hotels,  etc.,  they 
may  be  equipped  with  an  electric  motor-control  device  which  is 
placed  above  the  ceiling  of  the  door  and  attached  to  the  central 
shaft.  This  device  may  be  run  continuously,  or  started  and  stopped 
at  will,  and  regulated  up  to  a  speed  of  200  revolutions  per  minute. 

The  outer  edge  of  each  wing  has  a  molded  rubber  weather-strip- 
ping, which  projects  about  2  inches.     This  allows  the  revolvii^  ■. 
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wings  to  fit  the  side  walls  snugly  and  is  what  is  termed  the  "air- 
locking  device."  Together  with  the  top  felt  packing  and  bottom 
flexible-rubber  packing,  it  makes  a  complete  air-locked  door,  no 
matter  what  position  the  wings  assume,  since  the  four  wings  touch 
on  the  sides  of  the  vestibule  when  placed  at  either  quarter-line. 

The  operation  of  the  door  is  indicated  by  the  fourteen  diagrams  shown 
in  Fig.  393.  The  first  seven  diagrams  show  the  standard  revolving  doors 
and  the  last  seven  the  automatic  collapsible,  panic-proof  revolving  doors. 

The  first  seven  diagrams  (Fig.  393)  show  the  following  positions:  EHa- 
gram  i  is  the  revolving-position,  with  the  four  wings  extended,  permitting 
persons  to  pass  in  and  out  but  at  the  same  time  excluding  wind,  snow,  dust 
and  noise,  to  all  of  which,  indeed,  the  entrance  is  always  closed.  Diagram 
2  is  the  half-open  position,  with  one  wing  folded  back  so  that  long  objects 
may  be  passed  through.  A  wing  may  be  opened  as  quickly  as  an  ordinary 
hinged  door,  and  the  hinged  drop-arm  holds  the  folded  wing  back  automat- 
ically. Diagram  3  is  the  central-open  position,  with  two  hinged  wings  folded 
flat  on  the  two  permanent  wings  and  bolted  to  the  ceiling;  this  gives  two 
half-width  passages  for  the  separation  of  ingoing  and  outgoing  passengers. 
Diagram  4  is  the  full-open  position,  in  which  the  wings  are  folded  and 
moved  aside  for  the  passage  of  bulky  furniture,  pianos,  etc.,  for  processions 
and  for  full  ventilation.  There  is  no  obstruction  to  the  view.  The  wings 
may  be  folded  and  moved  aside  by  one  person  in  ten  seconds.  Diagram  5 
is  the  full-open  position.  The  condition  which  is  the  same  as  in  Diagram  4, 
shows  the  practical  use  of  flexible,  hinged  walls.  This  method  gives  the 
greatest  width  for  the  full-open  vestibule.  Diagram  6  is  the  locked  position, 
in  which  the  four  wings  may  be  folded,  placed  transversely  across  the  cir- 
cular vestibule,  and  securely  locked  or  bolted.  Other  locking-methods  are 
adopted  in  special  cases.  Diagram  7  is  the  special  full-open  position.  The 
wings  are  folded  and  moved  aside,  in  order  to  permit  the  use  of  a  swinging 
fly-door  in  summer,  or  whenever  it  may  be  desired. 

The  revolving  wings  of  the  panic-proof  doors  are  hung  independently  of 
each  other  on  a  central  shaft.  They  are  held  in  a  radial  position  by  means 
of  flexible,  bronze  cables  and  are  so  arranged  that  by  the  application  of 
unusual  pressure  to  any  part  or  parts  of  any  two  of  the  revolving  wings, 
the  wings  automatically  collapse  and  fold  flat  on  each  other  in  an  outward 
position.  The  seven  diagrams  following  show  the  collapsible,  panic-proof 
revolving  doors: 

Diagram  8  shows  the  revolving  position,  the  four  wings  being  extended 
as  in  I.  Diagram  9  is  the  central-open  position  in  which  the  wings  are 
folded  flat  in  pairs  and  locked  in  position,  giving  two  half-width  passages, 
to  separate  traffic.  Diagram  10  is  the  full-open  position  in  which  the  wings 
are  folded  and  moved  aside,  for  handling  bulky  objects.  Diagram  11  is  the 
full-open  position  with  the  wings  folded  and  moved  aside,  and  with  the 
hinged  walls  flexed  for  added  space.  Diagram  12  is  the  panic,  collapsed 
position,  in  which  the  wings  are  folded  on  each  other  in  the  outward  po- 
sition, as*  the  result  of  panic  or  for  other  reasons.  Where  flexed  walls  are 
used,  as  in  Diagram  11,  in  case  of  panic  the  walls  flex  automatically  out- 
ward as  the  wings  take  their  collapsed  position.    Diagram  13  is  the  full-open 
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position  in  which  the  wings  are  folded  on  each  other  and  moved  to  one  side. 
Diagram  14  is  the  locked  position.  Four  wings  are  folded  in  pairs,  placed 
across  vestibule,  securely  locked.    The  lock  is  operated  from  both  sides. 

Fig.  394  shows  various  positions  of  revolving  doors  in  vestibules,  as  fol- 
lows: I.  Placed  inside  the  doorway;  2,  placed  outside,  resting  on  a  plat- 
form; this  requires  a  roof  over  the  structure;  3,  joined  to  the  jambs  of  an 
interior  vestibule,  with  hinged  doors  in  front  for  closing  at  night;  4,  a  wide 
entrance,  space  filled  in  by  two  glazed  panels;  5,  revolving  door  set  back 
in  a  hallway,  old  swing  doors  left  in  place;  6,  a  corner  entrance,  center 
pilaster  of  curved  walls  joined  to  building-jambs;  7,  diagonal  entrance,  the 
revolving  door  making  an  excellent  approach  both  inside  and  outside;  8, 
store-entrance,  with  display- window,  the  curved  wall  of  the  revolving  door 
forming  the  glazed  sash  for  display-window  and  the  other  curved  wall  made 
solid  when  placed  near  wall  of  building;  9,  half  of  revolving  door  inside 
the  solid  wall-sections,  other  half  outside,  having  glazed  walls  and  requiring 
roof  outside  of  transom;  10,  "permanent-wall"  revolving  door,  collapsible 
gates  in  pockets;  11,  twin,  revolving  doors,  at  an  entrance  about  18  feet 
wide,  which  allows  for  a  central  display-case,  an  entrance  of  15  feet  being 
sufficient  for  two  standard  doors;  cornice,  inside  and  outside,  straight  from 
wall  to  wall  of  the  building;   12,  like  9,  except  that  both  walls  are  glazed; 

13,  jambs  of  revolving  door  joined  directly  to  the  four  jambs  of  the  building; 

14,  showing  building-wall  cut  out  to  permit  curved  wall  of  revolving  door 
when  put  in  place,  to  make  a  correct  junction  at  front  entrance. 

The  large  diagram  of  Fig.  394  shows  the  eight  distances  in  plan  for  which 
dimensions  are  required  for  four-winged  revolving  doors,  while  the  dia- 
grams to  the  right  of  this  show,  above,  the  dimensions  in  plan  for  the 
average  and  most  commonly  used  revolving  door;  and,  below,  the  detail  of 
wall  and  post  and  of  wing  of  door  with  space  between,  which  is  covered 
with  molded-rubber  stripping  tipped  with  heavy  felt. 

260.  INSIDE-DOOR  FRAMES,  i.  Different  Types  of  Con- 
struction, The  construction  of  inside-door  frames  varies  in  dif- 
ferent parts  of  the  country.  In  New  England  and  in  some  of  the 
middle  states  the  frames  are  usually  made  of  i^-inch  plank,  re- 
bated ^  an  inch  for  the  door,  and,  in  the  better  class  of  work, 
beaded  on  the  edge,  as  shown  at  D,  Fig.  395.  The  side  pieces  or 
jambs  are  "housed"  or  let  into  the  head  and  nailed  from  the  top. 
In  some  if  not  all  of  the  western  states  the  frame  is  made  of  plain 
%  or  ij^-inch  boards  housed  together,  and  with  a  "stop"  nailed 
or  screwed  to  the  frame  for  the  door  to  strike  against,  as  shown 
at  £.  The  former  method  is  probably  the  best  for  heavy  doors, 
as  it  gives  more  depth  of  wood  for  the  screws ;  but  in  wood  parti- 
tions a  frame  such  as  is  shown  at  E,  \i  1%  inches  thick,  can  be 
made  perfectly  solid  and  will  hold  any  ordinary  door.  Besides 
being  the  cheaper  frame  it  has  an  advantage  in  that  the  door  can 
be  changed  to  swing  on  the  other  side  of  the  partition  by  reversing 
the  stop-bead ;  moreover  the  head  of  the  frame  is  at  the  same  level 
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on  both  sides  of  the  partition.  In  a  frame  such  as  is  shown  at  D 
the  "casing"  or  the  "trim,"  owing  to  the  rebate,  will  be  J4  an  inch 
higher  on  one  side  of  the  partition  than  on  the  other,  so  that  if 
two  doors  come  near  tc^ether  and  swing  on  different  sides  of  the 
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Pig.  39i-     Dftalla  of  InaidcDoor  Frunct. 

partition  the  difference  in  the  height  of  the  head-casings  will  be 
very  noticeable;  on  this  account  such  a  trim  is  undesirable.  This 
defect  may  be  overcome,  however,  by  rebating  both  edges  of  the 
frame. 
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In  setting  the  studding  the  rough  opening  should  be  of  such  a 
width  that  there  will  be  about  ^  or  J^  of  an  inch  between  the  back 
of  the  frame  and  the  studs  to  allow  of  plumbing  the  frame. 
Wedges  are  then  driven  back  of  the  frame  and  the  frame  nailed  to 
the  studs.  In  cabinet-work  the  frame  should  be  1^4  inches  thick 
to  permit  nailing  behind  the  casings. 

The  width  of  the  frame  should  be  just  equal  to  the  distance  be- 
tween the  faces  of  the  grounds,  which  should  be  set  perfectly  plumb. 
The  grounds  should  also  always  be  kept  a  little  back  from  the  edge 
of  the  studs,  so  that  they  will  not  be  disturbed  in  driving  the 
wedges  back  of  the  frame. 

2.  Hardwood  Frames.  The  sections  shown  at  D  and  E,  Fig. 
395,  are  for  frames  of  softwood.  If  the  finish  is  to  be  of  hard- 
wood the  frames  should  be  veneered  as  shown  in  sections  G  and  H, 
with  veneering  yi  an  inch  thick.  If  the  rooms  connected  by  the 
doorway  are  finished  in  different  woods  the  same  woods  should  be 
used  on  the  frame,  in  such  a  way  that  when  the  door  is  shut  the 
frame  will  appear  to  be  of  the  same  wood  as  the  finish  of  the  room. 
If  the  comer  of  the  frame  is  to  be  beaded  it  will  be  necessary  to 
veneer  the  edge  of  the  frame  also. 


Fig.  396.     Isometric  Perspectives  of  Inside-Door  Frames  and  Trims. 

When  the  frame  is  made  with  the  stop-bead  planted  on,  the  entire 
frame  is  often  made  of  hardwood,  especially  of  the  lower-priced 
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woods;  but  the  veneered  frame  will  stand  better.    When  adjoin- 
ing rooms  are  finished  in  diflFerent  woods  veneering  is  necessary. 

3.  Paneled  Jambs.    When  the  partitions  are  10  inches  or  more 

in  thickness,  as  they  will  be  if  built  of  brick,  the 
door-frames  should  be  built  up,  either  in  the 
form  of  panels,  as  shown  at  /  (called  "paneled 
jambs"),  or  in  two  parts,  as  shown  at  K;  the 
latter  is  obviously  the  cheaper  method,  but  does 
not  look  quite  as  well.  If  the  finish  is  to  be  of 
hardwood  the  frame  should  be  veneered  and 
the  panels  and  moldings  should  be  of  hardwood. 
s>J  \  \i         In    churches   and    public   buildings    a    narrow 

^^^^^"^      frame  is  often  set  on  one  side  of  the  partition, 

as  in  K,  the  rest  of  the  jamb  is  then  plastered 
INNf^  and  a  small  molding  placed  in  the  angle  made 

PSJ  by  the  frame  and  plaster.     (See  Art.  163,  Chap- 

ter III.) 

Fig.  398  shows  a  detail  of  an  interior,  door- 
trim  paneling,  stop,  etc.,  for  a  door-frame  with 
a  wide  jamb.  Fig.  396  shows  two  isometric 
perspectives  of  interior  door-frames  and  trim 
used  with  stud-partitions.  These  two  illustra- 
tions show  very  clearly  the  relations  between  the 
different  parts  and  the  general  construction. 
Fig.  397  shows  some  additional  details  of  in- 
terior door-frames  in  stud-partitions,  a  with  the 
stop  planted  on,  b  with  the  stop  ploughed  in,  c 
with  a  single  rebate  and  d  with  a  double  re- 
bate. 

4.  Frames  for  Double-Action  Doors,  For  double-action  doors 
the  frames  should  be  made  of  a  plain  board  or  plank  with  a  hang- 
ing-strip let  into  the  hanging- 
jamb  of  the  same  thickness  as 
the  door,  as  shown  in  Fig.  399. 
The  other  jamb  and  the  head 
are  usually  left  plain,  unless 
there  are  double  doors,  in 
which  case,  of  course,  both 
jambs  are  treated  alike. 

5.  Frames  for  Sliding 
Doors.  These  are  usually  made 
of  plain  %-inch  boards  with  a 

molded  strip,  similar  to  a  "stop,"  bradded  on  each  side  of  the  pocket, 
as  shown  in  Fig.  400. 


Fig*  397-     Details  of  In- 
side-Door Frames. 
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Fig.    398.     Paneled    Door-Jamb    for   Thick 

Wall. 
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6.    Miscellaneous  Examples  of  Door-Frames.    Yig.  401  *  shows 
sections  through  the  jambs  of  the  door-frames  and  vertical  section 


fig.  J99-     Frime   fat   Double-Aclion  Door.     Fig.  40a.     Frame  for  Sliding  Door. 

through  the  lower  part  of  the  doors  of  the  Pubhc  Library,  at  Port  ■ 
Jervis,  N.  Y.,  designed  by  Ackerman  Sc  Ross.  The  frame  at  a 
is  in  a  stud-partition,  and  that  at  d  is  used  in  brick  walls. 

Fig.  402  *  shows  horizontal  sections  through  the  interior  doors 
and  door-jambs  of  the  Carnegie  Library  Building,  Atlanta,  Ga., 
designed  by  Ackerman  &  Ross.  The  doors  are  all  veneered  with 
while  oak  on  white-pine  cores.  All  the  sections  show  the  frames 
and  trim  for  17-inch  brick  walls,  except  section  g,  which  is  for  a 
4-inch  tile  partition.  At  a  is  a  plaster  jamb,  door  swinging  out; 
at  c,  a  wood  trim  with  paneled  jamb,  door  swinging  in;  at  rf  a 
Keene's-cement  trim,  paneled  in  the  jamb,  with  double-swing  door 
and  leather-covered  door-stiles;  at  £■  a  wood  trim,  with  paneled 
jamb,  door  swinging  out ;  at  /,  a  horizontal  section  at  glazed  door- 
panel;  at  A  a  flush-paneled  door,  with  the  door  and  trim  painted 
the  same  as  the  wall  on  the  flush  side  and  with  the  marble  base 
continued  across  and  screwed  to  the  bottom  of  the  door;  and  at  g 
a  wood  trim,  frame  and  door-stile  in  a  4-inch  tile  partition  with 
3  by  4-inch  wood  buck. 

Figs.  403*  and  404*  show  sections  through  double  doors  and 
door-frame  between  bedrooms  and  balh-rooms  in  the  residence  of 
Mr.  George  D.  Wick,  Youngstown,  Ohio,  designed  by  Charles 
Barton  Keen.  The  double  doors,  with  air-space  between,  are  for 
the  purpose  of  deadening  the  sound.  The  doors  are  of  white 
pine,  solid,  1%  inches  thick  on  the  bedroom  side  and  ij4  inches 

*  RedfSvn  ind  idmptcd.  bj  pemiiuiaii,  from  "Bunding  Dctuls,"  Frank  H.  Snjdtr. 
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thick  on  the  bath-room  side.  The  bedroom  doors  are  glazed  with 
plate-glass  mirrors  as  shown.  The  construction  of  the  frames, 
which  are  in  2-inch 
tnetal-lath-and-angle  par- 
titions, is  clearly  indi- 
cated. 

261.  FINISH 
AROUND  DOOR-OP- 
ENINGS. I.  Different 
Names  for  the  Finish. 
The  finish  on  each  side 
of  a  door-opening  and 
also  about  the  window- 
openings  is  variously 
designated  by  the  terms 
"trim,"  "casing"  or 
"architrave."  The  term 
"casing"  appears  to  be 
the  most  widely  used, 
and  has  been  adopted  by 
the  author.  The  term 
"architrave"  is  frequent- 
ly 'used  to  designate  the 
piece  inside  of  the 
"back-band." 

2.     Block-'Finish       or 

Pilaster-Finish.  Various 

methods  of  finishing  the 

door-openings    are    also 

J  r>     T  ......  ,^  employed.     The  style  of 

Fig.  401.     Doom  tnd   Door-Framci.     PubUe  Library  v-    •  .        1.  .      j      r-. 

Building,  Port  Jfrvii.  N.  Y.  hnisH    SHOWU    at   A,    Fig. 

395,  is  termed  "block- 
finish"  or  "pilaster-finish";  square  blocks  are  placed  in  the  upper 
corners  and  the  casings  butt  against  them.  The  blocks  are  usually 
ornamented  by  turned  rosettes  or  by  carving.  In  this  style  of  finish 
any  shrinkage  in  the  casings  does  not  show,  as  they  will  not  shrink 
lengthwise;  and,  since  the  block  is  made  J^  of  an  inch  thicker  than 
the  casings,  any  shrinkage  in  the  block  will  be  hardly  perceptible. 
The  blocks  are  also  generally  made  14  of  s"  inch  wider  than  the 
casings. 

3.  Mitered  Finish,  The  style  of  finish  shown  at  B,  Fig.  395,  is 
known  as  "mitered  finish."  When  mitered  finish  is  used,  especially 
if  it  is  to  be  varnished,  it  is  absolutely  necessary  that  the  wood  be 
thoroughly  dry,  as  any  shrinkage  in  the  casings  will  cause  the  mitered 
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joints  to  open  very  perceptibly.  In  painted  work  this  can  be 
remedied  by  putty  and  another  coat  of  paint,  but  in  varnished  work 
the  crack  cannot  be  hidden. 

4.  Casings  of  Several 
■aecTioH-THftO'SiDE'OrBArHHOOM'OooRs-  Members.  The  casings 
may  be  composed  of  one 
or  more  members  as  de- 
sired, but  if  they  are  to 
be  more  than  *9i9  of  an 
inch  thick  it  is  better  to 
make  them  of  two  or 
even  more  members,  as 
shown  at  E  and  F,  Fig. 
395.  If  two  pieces  are 
used  there  is  less  dancer 

Fig.  40J.     Ilonionta]   Stcllon  of  Doubled  Doors  In  i        t.    •    1  i      1 

Two-Inch  Mct>l-Uih-and- Ancle  Partition.  OI      Shrinkage     and     leSS 

stock  required. 

5.  Back-Bands.  In  Section  E,  Fig.  395,  the  piece  b  is  called  the 
"back-band,"  and  is  rebated  so  as  to  fit  over  the  casin^f  or  "archi- 
trave" about  %  of  an  inch.  In  varnished  work  the  trim  should  be 
built  up  in  this  way  rather  than 
by  simply  planting  a  thin  mold- 
ing over  the  casing,  as  it  shows 
no  joint  at  the  back  of  the  cas- 
ing, and  the  rebated  joint  be 
tween  the  two  meml>ers,  while 
allowing  for  slight  shrinkage, 
keeps  it  invisible. 

6.  Block-and'Miter  Finish. 
At  C,  Fig.  395,  is  shown  a  com- 
bination of  the  bloc k-and -miter 
finish,  which  is  very  suitable  for 
ordinary  hardwood  work.  A 
section  of  the  finish  is  shown  at 
F.  The  casing  is  made  %  of 
an  inch  thick  by  from  4 
to  4M  inches  wide,  and  has 
blocks  in  the  upper  corners  of  the  same  thickness  as  the  casing. 
The  back-band  extends  around  the  block  and  is  mitered  at  the  cor- 
ner. This  does  away  with  the  mitered  joint  in  the  casing  and  does 
not  look  as  heavy  as  the  block-finish. 

7.  "Straight-Joint"  Casing  with  Mitered  Moldings.  Fig.  405 
shows  another  method  of  constructing  a  door  or  window-trim. 
In  this  case  a  Hat  molding  is  planted  or  glued  on  the  casing  and 
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another  molding  glued  to  the  outer  edge  to  cover  the  joint.    At  the 
corner  the  molded  portion  of  the  casing  is  mitered,  but  the  plain 
part  has  a  straight  joint  as  shown  at  a.    With  the  same  amount  of 
shrinkage,  such  a  joint  will  open 
jess  than  a  mitered  joint. 

In  putting  up  the  finish  the 
architrave  or  casing  should  be 
kept  about  ^  of  an  inch  back 
from  the  edge  o£  the  frame,  as 
shown  in  the  sections. 

8.  Casing-Sections  and  Caps. 
The  design  or  profile  of  the  door 
or  window-finish  may  be  varied 
to  an  almost  infinite  degree. 
These  drawings  have  attempted 
not    to    suggest    moldings,    but 

merely      to      show      the      general    Fig.  405.     nilail  of  Door  or  Window-Trim. 

methods  of  using  them.  Pilaster- 
casings  with  corner-blocks  should  as  a  rule  have  both  edges  alike.  In 
Fig.  406  a  few  sections  of  casings  that  have  been  used  by  various 
architects  are  given  as  a  suggestion  to  the  draughtsman.  A  few  de- 
signs for  cornices  or  "caps"  above  the  doors  and  windows  are  also 
given.  At  A  Is  shown  a  simple  cap,  worked  from  a  single  J^-inch 
board,  which  makes  a  neat  and  inexpensive  finish.  When  the  picture- 
molding  comes  just  above  the  top  of  the  door  or  window-casing,  it 
will  look  much  neater  if  the  head-casing  is  made  wider  than  the 
others,  so  that  the  picture-molding  may  break  over  it,  as  at  C. 

g.  Pilaster-Casings  and  Cornices.  Fig.  407  shows  three  differ- 
ent arrangements  of  pilaster-casings  with  cornices.  The  detail  at 
B  is  from  colonial  work.  The  detail  at  C  makes  a  neat  and  not 
very  expensive  finish,  and  one  that  has  no  mitered  joints.  The 
egg-and-dart  moldings  may  be  machine-work. 

10.  Pilaster-Treatment.  Fig.  408  shows  still  another  design 
for  a  pilaster-treatment,  after  the  German  .style.  For  very  elab- 
orate finish,  especially  in  public  buildings,  the  pilasters  are  often 
terminated  by  inverted  consoles  which  support  the  cornice. 

ir.  Heavy  Casings,  Pilasters  and  Cornices.  In  Fig.  409  is 
shown  a  mitered  casing  with  the  back-band  broken  at  the  top,  an 
arrangement  quite  frequently  seen.  Fig.  410  shows  a  heavy  pilas- 
ter-finish with  a  highly  ornamented  cornice.  These  last  two  exam- 
ples are  from  colonial  mansions. 

When  a  heavy  pilaster  is  placed  on  each  side  of  a  door  or  window* 
opening  it  is  generally  better  to  set  the  pilaster  3  or  4  inches  back 
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from  the  edge  of  the  jamb,  with  a  narrow  architrave  around  the 
opening,  as  in  Fig.  410, 

12.     Openings  of  Different  Heights.    When  door  and  window- 


openings  are  finished  with  cornices  the  appearance  of  the  room 
and  of  the  wall-decoration  will  be  enhanced  if  the  cornices  are 
on  the  same  level  above  all  of  the  openings;  as  the  window-heads 
are  usually  higher  above  the  floor  than  the  door-heads,  a  little 
different  arrangement  of  the  finish  is  required  to  bring  the  cor- 
nices to  the  same  level. 

Fig.  411  shows  a  very  simple  arrangement  that  the  author  has 
used  with  good  effect,  for  overcoming  this  difficulty.  If  the  dif- 
ference in  the  height  of  the  doors  and  windows  is  more  than  9 
inches,  however,  it  will  be  necessary  either  to  place  a  transom  or 
an  ornamental  panel  over  the  doors,  or  else  let  the  cornices  be  at 
different  levels, 

13.  Joining  Door  and  Wainscot-Finish.  When  the  room  is 
wainscoted  the  draughtsman  should  not  forget  to  consider  how  the 
cap  and  base  are  to  stop  against  the  door-tinish.     Usually  the  trim 
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is  finished  with  a  wide  back-band,  as  in  Figs.  400  and  483,  but  where 
the  cap  of  the  wainscoting  is  quite  heavy,  as  is  often  the  case  in 


■act  a 
A 


Fig.  407.     Carnices  and  Pilaster-Cuini 

public  buildings,  it  is  necessary  to  place  a  nar- 
row pilaster  or  bracket  just  beside  the  door-trim 
in  order  to  stop  the  moldings  of  the  wainscot, 
as  shown  in  Fig.  501. 

14.  Plinlh-B locks.  When  the  door-casing 
is  less  than  H  of  an  inch  thick  the  base  does  not 
finish  well  against  it,  and  a  "plinth -block" 
should  be  placed  at  the  bottom  of  the  casing, 
as  shown  at  A,  Fig,  395,  and  also  in  Fig.  480. 
This  block  should  be  about  %  of  an  inch  higher 
than  the  base,  and  at  least  'A  of  an  inch  thicker 
than  the  base  or  casing.  With  pilaster-casings 
the  plinth  usually  has  a  plain  rectangular  section, 
but  with  mitered  casings  the  plinth  has  a  section 
corresponding  in  outline  with  that  of  the  casing, 
as  shown  at  P,  detail  F,  Fig.  395,  and  also  in 
I^ig-  399-  With  i>^-inch  casings  or  back- 
bands,  and  a  J^-inch  base,  plinths  are  not  neces- 
sary and  are  often  omitted,  even  in  the  best 
work,  according  to  the  taste  of  the  architect. 
Aside  from  stopping  the  base,  however,  the 
use  of  a  plinth-block  prevents  the  more  deli- 
cate moldings  of  the  casing  coming  into  con- 
tact with  the  floor,  where  they  are  apt  to  be- 
come filled  with  dirt. 


inc.     Gernan  Type. 
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4.     FINISH  AROUND  WINDOWS. 

262.  WINDOW-CASINGS,  JAMBS,  SILLS,  ETC.  The 
same  trim  or  casing  is  always  used  around  tlie  windows  as  around 
the  doors,  and  when  the  box-casing  or  ground-casing,  or,  in  the 
absence  of  these,   the  edge  of  the  pulley-stile,   is  flush  with  the 
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pilaster,  the  finishing  of  the  windows  is  exactly  the  same  as  that  of 
the  doors,  except  that  the  window-trim  usually  stops  on  a  "stool." 
The  stool  is  made  most  frequently  of  the  shape  shown  in  Figs,  155, 
154  and  163,  and  is  rebated  to  set  over  the  wood  sill.  In  the  better 
class  of  work  it  is  usually  lyi  inches  thick,  and  should  be  wide 
enough  for  the  casings  to  stop  against.  Many  architects  prefer  to 
tongue  the  stool  into  the  back  of  the  sill  about  J^  an  inch  below 
the  top  of  the  latter,  as  shown  in  Figs.  155,  164  and  181.  When 
this  is  done  the  stop-bead  is  carried  across  the  top  of  the  stool  as 
shown.  When  jamb-casings  are  required  (see  Art  141)  the  latter 
method  makes  perhaps  the  neatest  finish,  but  in  thin  walls  where 
there  are  no  jamb-casings  the  author  prefers  the  former  method, 
as  it  gives  a  wider  stool.  Under  the  stool  a  molding  or  board 
called  the  "apron"  is  always  placed  to  cover  the  "ground"  and  the 
rough  edge  of  the  plaster,  and  also  to  help  support  the  "stool." 
The  apron  should  be  at  least  3J^  inches  wide. 

When  the  box  casing  (see  Art.  141)  does  not  come  flush  with 
the  plaster,  jamb-casings,  sometimes  called  "linings"  or  "sub- 
jambs,"  are  necessary  to  make  a  finish  between  the  architrave  and 
the  frame,  a.s  shown  in  section  in  Figs.  164,  165,  181  and  182.  The 
jamb-casings  are  usually  made  of  plain  boards  and  the  inner  edge 
is  generally  just  flush  with  the  plaster.  If  a  deeper  recess  is  de- 
sired, the  architrave  may  be  set  against  the  back  of  the  jamb-cas- 
ing, as  shown  at  A,  Fig.  412,  but  this  requires  additional  grounds, 
and  is  not  so  good  a  method  as  the  more  common  one  shown  in 
Fig.  164.  In  a  thin  wall  the  stop-beads  may  be  brought  flush  with 
the  casings  when  greater  width  is  required,  as  at  B.  If  the  width 
of  the  jamb-casing  exceeds  6  or  7  inches  it  will  have  a  better  ap- 


pearance and  stand  better  if  paneled.  Very  often  the  jamb-casings 
are  splayed,  as  shown  in  Fig.  414,  a  colonial  example,  and  occa- 
sionally they  are  molded  across  their  fiill  width,  as  shown  in  Fig. 
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413.  This  finish  is  especially  appropriate  to  deep,  mullioned  win- 
dows, 
263.  PANEl^BACKS  UNDER  WINDOWS.  In  thick  walls, 
whether  solid,  or  furred 
for  shutters,  the  portion 
of  wall  hetween  the  win- 
dow-sill and  the  floor  is 
often  made  of  less  thick- 
ness so  as  to  form  a  re- 
cess. The  back  of  this 
recess  is  then  generally 
paneled  between  the 
jamb-casings,  although 
it  may  be  plastered  and 
finished  with  a  base  and 
apron,  Windows  re- 
cessed in  this  way  are 
said  to  have  "panel- 
backs,"  With  panel- 
backs  the  architraves 
and  jamb-casings  are 
carried  to  the  floor  and 
finished  like  those 
,,,„.        „,,,„  around  the  doors.     Two 

Fig,  414-     SpUyed  Jamb-Ca.inu.     Colonial  Typt.  .        ,  1.1 

very  simple  panel-backs 
are  shown  in  Fig.  415.  Fig.  414  shows  a  section  and  partial  ele- 
vation of  a  window  with  panel -back,  paneled  jambs  and  inside 
shutters.  The  jambs,  box  casings  and  stop-beads  and  other  parts 
of  the  frame-finish  that  show,  should  always  be  of  the  same  wood 
as  the  architrave  or  casing. 


5.    PUTTING  ON  THE  INTERIOR  FINISH. 

264,  DIFFERENT  METHODS  OF  PUTTING  ON  IN- 
TERIOR FINISH.  The  manner  in  which  inside  finish  is  put  on 
or  fixed  in  place  varies  with  the  quality  of  work  desired,  and 
greatly  affects  the  appearance  of  the  finish,  particularly  when  this 
is  in  its  natural  color.  In  painted  work  and  in  ordinary  joiners' 
work  the  different  parts  of  the  finish  are  nailed  to  the  wall  or 
grounds  and  to  the  edge  of  the  frames  with  finish-nails,  which  are 
sunk  beneath  the  surface  of  the  wood  for  puttying.  To  conceal  the 
nail-holes  as  much  as  possible,  for  they  cannot  be  entirely  con- 
cealed by  the  putty  even  when  the  finish  is  painted,  the  nails  should 
be   driven   in   the   quirks   of   the   moldings   wherever  practicable. 
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Hardwood  finish,  if  nailed,  should  be  bored  for  the  nails  in  order 
to  prevent  splitting  of  the  wood. 

In  common  work  the  contractor  usually  has  the  finish  stuck  in 
pieces  of  random 
lengths,  12  or  16  feet, 
and  for  the  sake  of 
economy  is  sometimes 
tempted  to  "splice"  the 
architraves  or  casings 
with  short  pieces.  The 
appearance  of  a 
spliced  casing,  how- 
ever, is  so  bad  that  it 
is  not  considered  ad- 
missible in  good  work. 
To      provide      against 

it        the        specifications  pig.  ^,j_    PanelUaiks  Under  Window. 

should  provide  that  "no 

splicing  of  the  architraves  or  casings  will  be  allowed." 

Nail-holes  in  hardwood,  even  when  puttied  in  the  most  skillful 
manner,  greatly  mar  the  appearance  of  the  finish,  so  that  in  the  best 
grades  of  work  it  is  generally  required  that  all  the  members  of  the 
door  and  window-trim  shall  be  glued  together  on  the  bench  and  put 
up  with  as  few  nails  as  possible. 

Very  frequently  the  finish  is  painted  on  the  back  and  filled,  var- 
nished and  rubbed  before  it  is  fixed  in  place.  This  not  only  hastens 
the  completion  of  the  building,  but  because  of  the  painting  on  the 
back  makes  the  finish  "stand"  better.  Then,  too,  by  having  the 
work. finished  at  the  factory,  the  wood  can  be  kept  perfectly  dry 
and  in  a  room  that  is  free  from  dust  while  the  varnishers,  as  soon 
as  the  woodworker 
has  finished  his  part, 
are  putting  on  the 
first  coat  of  shellac. 
In  this  class  of  work 
the  side  and  head- 
casings  are  joined  to- 
gether before  they 
are  put  up. 

Where     block     or 

pilaster-finish  is  tised 

the  corner-blocks  and 

plinths  are  secured  to  the  casings  by  means  of  dowels,  as  shown 

in  Fig.  416,  and  glue. 
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Mitered  joints  are  always  glued  together,  and  should  also  have 
some  additional  fastening,  such  as  dowels  or  "splines."  When  the 
trim  is  composed  of  architrave  and  back-band,  the  best  construction 
for  the  joint  is  probably  that  shown  in  Fig.  417.  This  is  also  quite 
a  common  joint  in  the  best  eastern  work.  After  the  pieces  are 
mitered  the  edges  forming  the  joint  are  grooved  and  a  hardwood 
strip  or  spline  is  inserted.  The  joint  is  then  glued  and  driven  to- 
gether and  two  steel  miter-brads  are  driven  in  from  the  back,  mak- 
ing a  very  solid  joint.  When  the  trim  is  in  one  piece  the  spline 
should  not  extend  to  the  outer  edge,  as  it  would  injure  the  appear- 
ance. Ordinary  dowels  may  also  be  used  in  a  mitered  joint,  but 
they  are  not  as  satisfactory  as  the  spline. 

In  the  very  best  work  no  nails  are  used,  either  in  joining  the 
pieces  or  in  setting  up  the  work.  The  finish  in  such  work  is  at- 
tached to  the  grounds  by  means  of  screws  placed  back  of  some 
loose  molding  or  below  the  finished  floor.  In  this  class  of  work 
also  no  large  pieces  of  solid  wood  are  used;  the  work  is  made  of 
several  pieces  glued  up,  to  prevent  warping  or  splitting.  There  are 
several  establishments  in  this  country  that  will  in  this  way  make 
all  the  woodwork  for  the  interior  of  a  building  in  any  portion  of 
the  globe,  ship  it  ready  finished  to  the  building  and  send  men  to 
put  it  up.  The  latter  work  requires  but  a  very  short  time.  Such 
work  is  necessarily  expensive,  but  it  is  sure  to  stand  well  and  give 
satisfaction,  and  should  always  be  specified  when  the  best  work  is 
desired. 

6.    METAL  DOORS,  SASHES,  FRAMES  AND  TRIM. 

265.  METAL  DOORS,  SASHES,  FRAMES  AND  TRIM. 
The  eflfort  to  make  the  interior  or  buildings  fire-proof  has  resulted 
in  metal-covered  wood  and  doors,  sashes,  frames,  trim  and  mold- 
ings of  hollow  steel  or  other  metal.  Such  finish  is  now  so  fre- 
quently used  that  the  details  of  it  should  be  briefly  described  in  a 
book  on  carpenters'  work,  even  though  the  materials  are  entirely 
or  almost  entirely  metal  rather  than  wood,  the  more  especially  so 
since  it  is  put  in  place  by  methods  similar  to  those  employed  by 
carpenters  in  installing  ordinary  wood  fittings  and  trim.  In  fact 
architects  and  the  manufacturers  of  such  metal  finish  declare  that 
carpenters  are  the  mechanics  most  competent  to  set  it  properly; 
and  the  fact  that  manufacturers  pay  carpenters  about  fifty  cents 
a  day  more  than  they  would  have  to  pay  sheet-metal  workers,  is 
sufficient  proof  that  their  declaration  is  honest. 

Although  many  very  large  buildings  have  in  recent  years  been 
equipped  wholly  or  in  part  with  these  products,  and  although  thq 
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products  themselves  have  reached  a  stage  of  great  perfection  of 
workmanship  and  efficiency,  the  industry  is  still  really  in  its  in- 
fancy. The  building-conditions  existing  in  New  York  City  are 
probably  doing  more  to  help  its  development  than  any  other  causes. 

At  the  present  time  (1912),  there  are  three  cities  in  the  United 
States,  New  York,  Denver  and  San  Francisco,  that  compel  the  use 
of  these  products  for  certain  parts  of  buildings  which  are  over  a 
certain  height ;  and  it  is  probably  only  a  question  of  time  when  other 
cities  will  pass  ordinances  compelling  their  use.  At  the  present 
time  cost  enters  largely  into  the  question  of  substituting  them  for 
wood.  In  New  York  City  on  account  of  old  ordinances  compel- 
ling the  use  of  fire-proofed  wood  for  the  interior  finish  of  buildings 
over  a  stipulated  height  the  manufacturers  are  almost  able  to  meet 
hardwood  figures  in  competition ;  but  in  Chicago,  on  the  other  hand, 
where  the  use  of  fire-proofed  woods  is  not  compulsory,  and  where 
the  difference  between  the  cost  of  wood  trim  and  metal  trim  is 
about  30  per  cent,  nothing  short  of  an  ordinance  compelling  the  use 
of  the  latter  will  make  that  city  a  good  field  for  the  efforts  of  those 
who  wish  to  widely  extend  its  use. 

The  clause  in  the  Building  Code  of  the  City  of  New  York,  in 
the  section  on  "Fire-proof  Buildings"  which  relates  to  this  subject, 
is  as  follows:  "When  the  height  of  a  fire-proof  building  exceeds 
twelve  stories,  or  more  than  one  hundred  and  fifty  feet,  all  outside 
window-frames  and  sashes  shall  be  of  metal,  or  of  wood  covered 
with  metal,  the  inside  window-frames  and  sashes,  doors,  trim  and 
other  interior  finish  may  be  of  wood  covered  with  metal  or  of  wood 
treated  by  some  process  approved  by  the  Board  of  Buildings  to 
render  the  same  fire-proof." 

-Among  the  first  attempts  in  the  United  States  to  fire-proof  the 
interior  trim  of  buildings  were  those  made  in  New  York  City, 
about  the  year  1880,  in  the  form  of  metal-covered  woodwork,  by 
the  firm  of  Campbell  &  Bantossell  of  that  city.  About  this  time, 
also,  there  were  introduced  along  with  various  processes  of  fire- 
proofing  woodwork,  "fire-proof  paints."  Later  "fire-proof  wood" 
was  introduced,  that  is,  wood  which  has  the  resin  and  other  in- 
flammable components  extracted  from  it,  and  the  fiber  left.  In  the 
course  of  a  few  years  the  metal-covered-wood  industry  developed 
to  such  a  stage  that  it  was  possible  to  trim  with  its  products  the  in- 
terior of  a  building  and  keep  a  good  appearance.  Notable  exam- 
ples are  the  Manhattan  Life  Insurance  Company's  building  and  the 
Barclay  building  and,  of  more  recent  date,  the  Metropolitan 
Tower,*  the  Fifth  Avenue  office-building,  the  Germania  Life  In- 

*  The   Metropolitan   Tower   has   a  metal-covered   trim   which   is   a   special   hronze-plate 
construction  over  a  wood  core.    This  was  developed  by  The  John  W.    Rapp   Company 
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surance  Company's  building  and  the  Vanderbilt  Hotel,  all  in  New 
York  City ;  the  Hoge  building,  Seattle,  Wash. ;  the  Hall  of  Records, 
Los  Angeles,  Cal. ;  the  Rockefeller  Annex,  Cleveland,  Ohio,  etc. 
The  rough,  unfinished  appearance  of  the  standard  tin-clad  door 
set  men  to  seeking  a  product  for  use  in  interior  finish  which  would 
lend  itself  to  more  decorative  effects.  The  "Kalamein  iron"  and 
other  metal-covered  work  resulted.  In  the  meantime  improve- 
ments were  constantly  being  made  in  hollow  sheet-metal  doors  and 
trim  and  from  about  the  year  1903  hollow-steel  construction  for 
this  work  came  into  use.  Owing  to  its  generally  superior  work- 
manship and  to  the  splendid  enamel  surfaces  which  can  be  given 
it  by  various  baking-processes,  this  type  of  interior  finish  has  found 
favor  in  the  eyes  of  the  architects  and  owners  of  modern  office, 
mercantile  and  public  buildings. 

266.  KALAMEIN  (OR  KALAMINE  OR  CALAMINE) 
IRON  AND  OTHER  METAL-COVERED  DOORS,  SASHES 
AND  TRIM.*  "Kalamein  Iron"  is  the  trade  name  given  to  one 
of  the  open-hearth  sheet-steel  products  which  is  covered  with  a 
thin  alloy  of  tin  and  lead  in  much  the  same  way  that  galvanized 
iron  by  galvanic  immersion  is  coated  with  zinc.  "The  name 
Calamine  (with  Galmei  of  the  Germans)  is  commonly  supposed 
to  be  a  corruption  of  Cadmia.  Agricola  says  it  is  from  Calamus,  a 
reed,  in  allusion  to  the  slender  forms  (stalactic)  common  in  the 
Cadmia  formation,"  f 

The  term  "Kalamein"  is  often  used  incorrectly,  by  architects  and 
others,  for  any  form  of  metal-covered  woodwork,  whether  the 
metal  is  steel,  copper  or  bronze,  to  distinguish  metal-covered  from 
hollow-metal  construction ;  but  the  term  is  obviously  misleading  and 
causes  much  confusion.  In  several  instances  architects  have  speci- 
fied "Kalamein  material"  expecting  "bronze  metal"  to  be  used  in 
the  covering,  whereas  the  manufacturer's,  interpretation  of  the 
specification  was  that  "Kalamein  iron"  was  intended. 

267.  METAL-COVERED  DOORS,  FRAMES  AND  TRIM. 
The  cores  of  metal-covered  doors  and  frames  are  built  up  of  oak 
or  white-pine  strips  dovetailed  together  lengthwise  to  the  grain. 
In  gluing  up  the  strips  into  stiles  and  rails  the  grain  of  each  strip 
is  reversed  in  order  to  resist  the  tendency  of  the  core  to  twist. 
The  stiles  and  rails  are  mortised,  tenoned  and  box-wedged  and  the 

recently  consolidated  with  The  J.  F.  Blanchard  Company  into  the  United  States  Metal 
Products  Company,  New  York  City. 

*  Among  the  better  Icnown  manufacturers  of  metal-covered  work,  whose  doors  are  in- 
spected and  labeled  by  the  Underwriters'  Laboratories,  Inc.,  are  the  United  States  Metal 
Products  Company,  New  York  City  and  the  Thorp  Fireproof  Door  Company,  Minneapolis, 
Minn.  ' 

t  Dana's  Dictionary  of  Mineralogy. 
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cores  are  covered  with  asbestos  paper  or  Koard  and  enclosed  with 
sheet  metal  (either  steel,  which  may  be  painted  to  match  a  wood 
trim,  or  electroplated  with  copper,  brass  or  bronze)  or  solid,  sheet 
copper,  brass  or  bronze.  For  doors  up  to  3  feet  4  inches  in  width 
and  8  feet  in  height,  both  sides  are  often  made  of  continuous  sheets 
of  metal,  which  have  the  panels  pressed  into  them  by  hydraulic 
pressure,  and  are  without  seam  or  joint.  The  metal  sheets  of  the 
two  sides,  in  one  make  of  door,*  are  made  to  overlap  in  a  depres- 
sion on  the  edges  of  the  door  and  are  secured  in  place  by  screws 
which  pass  through  both  face-sheets.  The  standard  thickness  of 
this  door  is  2%  inches.  When  these  doors  are  more  than  3  feet 
4  inches  in  width,  each  face  is  generally  made  of  two  sheets  which 
meet  over  a  middle  stile  and  lock  together  with  a  flush  double-lock 
joint.    This  makes  a  double  row  of  vertical  panels. 

The  bronze-covered  doors  f  of  another  make  are  constructed  as 
follows :  The  metal  covering  of  the  stiles  is  No.  20,  Stubbs  gauge, 
bronze,  drawn  through  a  forming-die  and  applied  securely  with  the 
edges  locked  on  the  inner  edge  of  the  stile.  Bronze  plates,  of  No. 
16  Stubbs  gauge,  are  used  for  covering  the  rails  and  invisible  butt- 
joints  are  brazed  directly  to  a  plate  of  bronze  under  the  joints. 
The  panels  are  built  up  of  two  sheets  of  No.  16,  Stubbs  gauge, 
bronze,  with  compressed,  asbestos  boards  between,  which  are  thor- 
oughly cemented  together  with  water-proof  cement  in  a  hydraulic 
press.  The  moldings,  according  to  their  character,  are  either  made 
of  hollow  bronze  or  drawn  over  oak  cores.  For  hollow  moldings, 
No.  20  and  for  drawn  moldings,  No.  22,  Stubbs  gauge  bronze,  is 
used.  For  this  make  of  bronze-covered  doors  the  trim  is  usually 
cold-rolled  to  the  correct  profile,  from  No.  20,  Stubbs  gauge, 
bronze.  It  has  no  cores,  is  provided  with  brazed  miters  and  is  se- 
cured in  place  with  oval-head  screws.  The  finish  may  be  natural 
bronze  or  any  oxidized  shade  desired.  Kalamein-iron-covered 
doors  are  constructed  in  the  same  way,  except  that  No.  26,  United 
States  standard  gauge,  iron  is  used.  Metal-covered  doors  are  also 
made  to  receive  panels  of  plate-glass,  decorative  glass  or  wire-glass 
and  there  are  many  buildings  in  which  the  corridor-windows,  doors 
and  trim  throughout  are  made  of  metal-covered  work,  glazed  in 
this  way.  When  the  hardware  is  furnished  it  is  fitted  at  the  fac- 
tories without  extra  charge.  The  trim  may  be  metal-covered  the 
same  as  the  doors  and  frames. 

268.  METAL-COVERED  WINDOW-FRAMES  AND 
SASHES.     Window-frames  and  sashes  as  well  as  door-frames  and 

*  The   "Richardson"   seamless   door,    made   by   the   Thorp   Fire-proof    Door   Company, 
Minneapolis,  Minn, 
t  Made  by  the  United  States  Metal  Products  Company,  New  York  City. 
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doors  are  made  of  metal-covered  wood.  Bronze  is  the  metal 
usually  recommended  and  preferred  although  Kalamein  iron  may 
be  substituted  when  a  much  cheaper  construction  is  necessary. 
This  cheaper  metal  may  be  painted  and  will  give  fair  service  but 
it  is  not  recommended.     Galvanized  iron  -and  copper,  also,  are  used. 

"Window- frames  and  sashes  of  Kalamine  or  of  sheet-metal  over  wood 
cores,  are  principally  used  for  windows  or  skylights  where  the  only  danger 
of  fire-contact  is  through  flying  sparks.  They  are  non-combustible  rather 
than  fire-resisting.  The  lights  are  usually  of  plate  glass,  especially  if 
Kalamine  trim  is  used  simply  to  comply  with  the  law  in  those  cities  where  non- 
combustible  windows  and  doors,  etc.,  are  required  in  buildings  of  a  certain 
class  or  of  a  height  above  fixed  limits.  Previous  mention  has  been  made 
of  their  efficiency  as  demonstrated  in  the  burning  of  the  Kohl  building  in 
San  Francisco,  and  their  value,  even  as  a  substandard  protection,  has  been 
pointed  out;  but  for  efficient  fire-resistance,  Kalamine  windows,  especially, 
are  an  unknown  quantity,  as  the  resistance  offered  by  the  lighter  members, 
such  as  sash-rails,  is  questionable.  The  better  examples  of  the  work  present 
pleasing  workmanship  and  finish.  If  some  composition  could  be  used  for 
the  body  instead  of  wood,  without  producing  chemical  action  harmful  to 
the  metal,  a  superior  type  of  Kalamine  work  would  result  which  would  be 
of  great  value."* 

Among  the  most  excellent  types  of  this  construction  are  the 
bronze-covered  window-frames  and  sashes  f  made  according  to  the 
following  details: 

The  cores  for  all  exterior  windows  are  of  white  pine,  free  from 
sap,  shakes,  loose  or  large  knots,  cut  from  selected  stock  and  of  the 
thicknesses,  when  milled,  given  in  the  following  schedule: 

Sills 2^  inches  double-re- 
bated   sound,  knotted,  box  pine. 

Back-linings  and  head-linings   ^  of  an  inch sound,   box  pine  or  No. 

I  common  cypress. 
Parting-strips ^  by  ij^  inches sound,  box  pine  or  No. 

I   common  cypress. 

Pulley-stiles i]^  inches shaky,  clear,  white  pine. 

Outside  casings i^  inches shaky,  clear,  white  pine. 

Inside  casings %  of  an  inch shaky,  clear,  white  pine. 

Hanging  stiles  (molded)  ,...V/i  by  V/i  inches...  shaky,  clear,  white  pine. 

Sash-stiles  and  top  rails 2%  by  2]/^  inches...  shaky,  clear,  white  pine. 

Sash  bottom  rails 2%  by  4^  inches  . . .  shaky,  clear,  white  pine. 

Sash  meeting  rails 2      by  2J/2  inches  . . .  shaky,  clear,  white  pine. 

The  cores  are  milled  and  constructed  in  the  most  approved  man- 
ner, according  to  full-size  details,  have  sash-joints  screwed  together 

•  "Fire  Prevention  and  Fire  Protection,"  by  J.  K.  Freitag. 

t  Made  by  the  United  States  Metal  Products  Company,  New  York  City. 
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with  s-inch  screws,  that  are  countersunk  beyond  the  surface  of 
the  edge  of  the  stiles,  and  are  arranged  for  inside  glazing  with 
loose  glazing-beads,  set  with  scriews,  not  nailed.  Before  the  pieces 
are  assembled  each  piece  is  twice  dipped  in  a  bath  of  linseed-oil 
which  at  each  dipping  is  allowed  to  soak  thoroughly  into  the  pores 
and  fill  them.  The  bronze-metal  covering  is  made  of  an  85-per- 
cent-pure-copper  and  15-per-cent-alloy  mixture,  free  from  fire- 
scales,  tightly  drawn  over  all  exposed  surfaces  of  the  frames  and 
sashes  and  properly  locked.  For  the  sills  No.  20-Stubbs-gauge 
thickness  is  used;  for  the  rest  of  the  frame-members,  except  the 
loose  moldings,  No.  22-gauge,  and  for  the  sashes  and  loose  mold- 
ings No.  24-gauge.  Particular  attention  is  paid  to  the  brazing  of 
the  exterior  joints,  to  make  them  thoroughly  weather-proof. 

For  all  sashes  in  frames  measuring  over  4  feet  in  width,  both  the 
top  and  bottom  meeting-rails  and  also  the  top  rail  of  the  top  sash, 
are  reinforced  with  a  J^  by  ij^  by  ij^-inch  iron  angle,  sunk  into 
the  cores  and  underneath  the  metal  covering,  turned  up  or  down 
at  the  joining  of  the  stile  and  rail,  and  screwed  to  the  stile  under 
the  glass  molding. 

The  frames  are  usually  built  into  the  brickwork  as  the  walls  go 
up,  and  are  properly  braced  and  anchored  on  each  side  with  two 
iron  anchors  that  are  turned  down  into  the  brickwork  and  calked 
with  oakum  under  the  hanging  stiles,  before  these  are  screwed  into 
place.  The  sashes  are  hung  on  roller-bearing,  bronze-faced  pul- 
leys, with  heavy  bronze-metal  chains  and  sectional,  iron  weights 
and  connections.  Should  metal  weather-strips  be  desired,  the 
sashes  are  grooved  to  receive  them.  These  frames  and  sashes  never 
require  painting,  are  extremely  durable  and  fulfill  the  building  regu- 
lations of  most  cities. 

269.  EXAMPLES  OF  KALAMEIN-IRON-COVERED 
DOORS,  SASHES  AND  TRIM.  Figs.  418,*  419,*  420*  and 
421  *  are  typical  examples  of  the  Kalamein-iron-covered  work 
which  is  sometimes  designated  **semiretardant"  because  of  its  non- 
combustible  character.  Fig.  418  shows  the  elevation  of  a  Kalamein- 
iron-covered,  single-paneled  door  and  a  section  through  its  stile, 
panel  and  moldings  and  through  the  Kalamein-iron-covered  frame 
and  trim.  The  stiles,  rails,  moldings,  jambs,  head  and  trim  are  of 
drawn  iron  over  wood  cores;  the  single  panel  is  of  solid  steel. 
The  panel-moldings  are  applied  separately.  The  frame  and  trim  is 
arranged  for  a  wooden-buck  construction  in  a  terra-cotta-block  par- 
tition. Fig.  419  shows  the  elevation  and  sections  of  a  Kalamein- 
iron-covered  sash  door  and  trim  and  sections  of  door,  trim  and 
frame.    The  two  panels  are  stamped  over  a  wood  core  and  are 

*  Courtesy-  of  the  United  States  Metal  Products  Compan/,  New  York  City. 
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421 


continuous  with  the  raits,  stiles  and  panel-moldings ;  the  sash-mold- 
ings are  appHed  separately.  The  partition-section  shows  a  wood 
buck  in  a  brick  wall.  Fig.  420  shows  detail  sections  0/  a  typical 
metal-covered  double-hung  window -sash  and  frame  in  a  masonry 
wall.  The  wood  cores  may  be  covered  with  Kalamein  iron,  bronze 
or  copper,  the  metal  covering  the  sill,  jambs,  head,  moldings,  stops, 
parting-strips,  sashes,  etc.,  and  running  back  into  the  reveals  as 


¥is.  410.     KalamciD-IranCovcrcd    Dc 


ing  Window-Suh   and  Frme. 


shown.  The  moldings  on  the  outside  face  of  the  sashes  are  con- 
tinuous with  the  stiles  and  rails  but  those  on  the  inside  face  are 
applied  separately  to  allow  for  the  setting  of  the  glass.  When  the 
sashes  are  over  4  feet  wide  a  steel  angle  is  set  inside  the  metal  cov- 
ering on  the  inside  upper  edge  of  the  meeting-rail  of  the  lower 
sash;  when  over  4  feet  6  inches  wide,  another  steel  angle  is  used 
in  the  lower  outside  edge  of  the  meeting-rail  of  the  upper  sash ;  and 
when  over  5  feet  wide,  still  another  angle,  on  the  upper  outside 
edge  of  the  top  rail  of  the  upper  sash.     Fig.  421  shows  sections  of 
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metal-covered  casement-sashes  hung  to  swing  in.  The  construc- 
tion of  the  rails  and  stiles  and  of  the  frame  is  similar  to  that  of  the 
double- hung  window- sash. 

270.  HOLLOW-METAL  DOORS,  SASHES,  TRIM,  ETC.* 
The  transition  from  metal-covered  wood  to  hollow  sheet-metal  for 
doors,  sashes,  frames  and  trim,  moldings,  etc.,  was  naturally  and 
easily  made  and  to-day  the  latter  type  of  construction  when  expertly 
carried  out  results  in  details  for  interior  work  which  are  very  effi- 


F 

cient  to  resist  fire  and  handsome  in  appearance.  It  would  be  dif- 
ficult to  devise  constructional  details  which  would  be  more 
satisfactory  and  at  the  same  time  present  greater  possibilities  in 
the  way  of  elaborate  design  and  high  finish;  and  it  is  on  account  of 
all  these  advantages  that  this  type  of  construction  is  used  in  the 
interior  equipment  of  many  of  the  best  examples  of  fire-resisting 
buildings,  especially  for  the  doors,  frames,  sashes  and  trim  of  cor- 
ridors, hallways  and  stair  and  elevator-enclosures  and  even  for 
entire  office-partitions.  Because  of  the  non-absorbent  character  of 
the  baked-enamel  finish  this  material  is  particularly  sanitary;  and 
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hollow-metal  doors  are  easier  to  clean  than  any  others,  especially 
if  all  moldings  are  omitted  and  the  panels  made  simply  as  smooth 
depressions.  The  thickness  of  standard  hollow-metal  doors  ap- 
proved by  underwriters,  varies  from  i^  to  2^  inches. 

271.  HOLLOW-METAL  DOORS.  The  Dahlstrom  patent 
sheet-metal  door  *  is  made  from  two  No.  20  gauge,  steel  plates,  one 
stile  and  one  panel-face  being  formed  from  each  of  the  sheets, 
which  are  connected  by  interlocking  seams  on  opposite  sides  of  the 


\Vo«d   Buck  ConsiTUCiion 
Fig.  ^11.    Typical  Dahlslrom  Door.  Framr,  Tilra  and  Jamb  Coii»iruction. 

panels  and  make  practically  a  double  door.  Fig.  422  shows  a  sec- 
tion of  a  typical  Dahlstrom  door,  the  metal  frames,  four  styJes  of 
trim  and  two  methods  of  securing  the  frames  to  a  wall.  One 
method  is  by  a  steel  angle-frame  and  the  olher  by  a  wood-buck 
construction.  In  constructing  the  panels  they  are  first  lined  with 
a  sheet  of  asbestos  next  to  the  steel  on  each  side,  and  the  space 
between  is  filled  with  a  layer  of  hair-felt  paper,  which  makes  a 
resilient  filling  that  is  a  non-conductor  of  heat.  The  stiles  are  left 
hollow  but  strips  of  cork  are  laid  perpendicularly  across  the  center 
of  each  to  deaden  the  metallic  ring.    The  panels  are  then  attached 

*  Hide  by  the  Dahlltrom  Melaltic  Door  Company,  Jameslown,  N.  Y. 


424  BUILDING-CONSTRUCTION.  (Ch.  V) 

to  each  other  to  form  the  door  by  planting  on  and  welding  in  place 
properly  formed  cross-rails,  at  the  top  and  bottom,  and  wherever 
else  they  may  be  desired ;  the  moldings  are  coped  over  the  molded 
stiles  at  the  sides.  The  top  and  bottom  edges  of  the  door  are  then 
reinforced  with  channels  and  bars,  and  the  doors  made  perfectly 
straight  and  rigid.  The  fire-resistance  of  this  construction  is  in- 
creased by  letting  no  rivets  or  screws  pass  through  from  one  side 
of  the  door  to  the  other  in  the  exposed  parts.  The  transmission 
of  heat  is  thus  avoided. 

While  the  door  is  being  put  together,  provision  is  made  for  at- 
taching the  hardware.  All  hollow-steel  doors  of  the  Dahlstrom 
make  are  reinforced  for  hinges  with  9i6-inch  wrought,  machine- 
steel  pieces,  that  extend  the  full  width  of  the  door  from  edge  to 
edge  on  the  inside  immediately  back  of  the  butts.  These  rein- 
forcing-pieces  are  counter-sunk  with  a  heavy  hydraulic  press  a 
sufficient  depth  to  make  them  fit  flush  with  the  finished  door. 
They  extend  4  inches  above  and  below  the  butts  and  are  welded  to 
the  steel  door.  They  are  then  drilled  and  tapped  to  receive  the 
butts.  The  reinforcing  for  locks  can  be  done  in  two  ways:  A 
stamped-steel  casing  can  be  used,  which  will  completely  cover  the 
lock  on  all  sides  and  have  a  body  large  enough  to  receive  it  and 
hold  it  rigid.  The  sides  are  extended  to  touch  the  inside  edges  of 
the  door  and  are  electrically  welded  to  it,  so  that  they  form  a  com- 
plete "box"  with  the  necessary  holes  drilled  in  its  sides  to  receive 
the  spindles,  key-holes,  cylinders,  etc.  A  second  method  is  to  have 
this  box  made  up  into  what  is  known  as  a  "cast-iron  spider,"  in 
which  the  body  of  the  lock  may  sit  snugly.  The  cylinder-holes, 
spindle  and  key-holes  may  be  either  cast  in  it  or  drilled  in  it  after 
it  is  set  in  the  door.  It  is  necessary  to  have  lugs  cast  on  these 
spiders  to  fit  neatly  between  the  inside  rails  of  the  door.  When 
required,  the  locks  can  be  drilled  and  tapped  to  receive  the 
escutcheons,  etc.  Door-checks,  door-holders,  letter-plates,  etc.,  are 
applied  to  946-inch  U-shaped  pieces,  and  electrically  welded  to  the 
door.  These  pieces  are  large  enough  to  receive  the  different  pieces 
of  hardware  and  have  the  necessary  drilling  and  tapping  to  receive 
them. 

After  the  doors  have  been  put  together,  they  are  sent  to  the 
finishing-department  where  the  steel  is  thoroughly  cleaned  from 
all  rust,  grease  or  other  impurities.  They  are  then  given  six  or 
eight  coatings  of  enamel,  being  baked  after  the  application  of  each 
coat  in  large  ovens  which  are  heated  to  300*  Fahr.  After  the  final 
coat  of  varnish  is  put  on,  they  are  usually  rubbed  to  an  egg-shell, 
gloss  finish,  equal  in  quality  to  any  hardwood  finish,  and  more 
durable  because  baked  on.    The  surfaces  can  be  grained  to  imitate 
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with  wonderful  exactness  any  wood,  such  as  quartered-oak,  ma- 
hogany, Circassian  walnut,  etc.    If  the  doors  are  to  receive  glass 
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panels  they  are  provided  with  detachable  moldings  to  hold  the 
glass  in  place. 

Fig.  423  shows  types  of  Dahlstrom  hollow-metal   doors,  some 
of  which  are  made  to  receive  glass  panels.     The  lower  illustration 
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shows  a  typical  office-door  with  two  horizontal  panels  below  and 
one  glazed  panel  above  and  with  a  transom  over  it.  On  each  side 
is  a  partition-sash  with  glass.  The  door,  frame,  transom-sash,  par- 
tition-sash and  trim  are  all  of  hollow  metal.  The  hardware  in- 
cluding the  butts,  lock  and  knob,  letter-slide,  transom-lift  and 
door-check  are  shown  attached  to  the  metalwork.  Doors  of  the 
Dahlstrom,  metallic  type  are  installed  in  the  corridors  and  partitions 
of  the  Singer  building  and  tower  and  the  United  States  Express 
building,  New  York  City;  the  Bell  Telephone  Exchange  building, 
Philadelphia;  the  Seventh  Regiment  Armory,  Chicago;  the  Pont- 
chartrain  Hotel,  Detroit;  the  Bank  of  Commerce  building,  St. 
Louis;  the  First  National  Bank  building,  Denver;  the  Royal  In- 
surance building,  San  Francisco ;  and  many  others. 

The  United  States  Metal  Products  Company  makes  two  kinds  of 
hollow-steel  doors,  known  as  "type  A"  and  "type  B."  Both  kinds 
are  the  same  in  general  appearance  and  differ  only  in  construction. 
Type  A,  shown  in  Fig.  424,  has  a  complete  inside  lining  of  asbestos ; 
type  B,  shown  in  Fig.  425,  has  single-thickness  sheet-steel  panels, 
with  a  partial  asbestos  lining  in  the  stiles  and  rails  to  prevent  re- 
verberation. 

The  steel  used  in  the  construction  of  these  doors  is  a  specially 
prepared  patent  leveled  furniture  stock  of  a  very  high  grade,  No. 
.050  in  thickness  for  stiles  and  rails.  It  is  shaped  to  the  required 
profile  by  powerful  presses.  The  panel-moldings,  which  are  cold- 
rolled  in  steel  of  slightly  thinner  gauge,  are  continuous  on  both 
sides  of  the  door;  the  panels  fit  in  a  groove  formed  in  the  mold- 
ings which  are  process-welded  at  the  miters.  The  connecting 
edges  of  the  stiles,  rails  and  moldings  are  so  formed  that  they  are, 
when  assembled,  locked  together  with  a  continuous  metal-key  strip, 
which  is  pneumatically  forced  into  place.  Neither  the  molding  nor 
the  panels,  therefore,  can  be  removed  without  destroying  the  entire 
door.  A  special  arrangement  is  provided  for  glass  panels  by  a 
loose  molding  on  one  side  of  the  door.  The  joints  between  the 
stiles  and  rails  and  all  the  other  joints  are  hermetically  welded  by 
the  "universal  process,"  for  which  this  company  holds  the  patent 
rights,  and  make  a  homogeneous  structure  whose  joints  or  miters 
will  open  up  to  no  force  other  than  one  of,  actual  violence.  Plates 
and  reinforcing-blocks  are  welded  on  the  interior  of  the  doors  to 
receive  hardware,  which  is  machine-screwed  in  place  at  the  factory 
after  the  doors  are  enameled. 

Among  the  many  buildings  that  have  been  equipped  with  these 
hollow-steel  doors  may  be  mentioned,  in  New  York  city,  the  Wool- 
worth  building,  the  Germania  Life  Insurance  building  and  the 
Ritz-Carlton,   McAlpin  and   Vanderbilt  hotels;   in   Cleveland,   the 
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Rockefeller  building;  in  Boston,  the  Jordan-Marsh  building;  in 
Duluth,  the  Soo  building;  in  Worcester,  Mass.,  the  Worcester 
County  Court  House;  and  in  San  Francisco,  the  First  National 
Bank  building.  In  some  of  the  buildings  mentioned  in  this  article 
and  that  immediately  preceding  it,  hollow-metal  doors,  trim  and 
moldings  are  accompanied  by  bronze  or  other  metal-covered  wood 
window- frames,  sashes,  etc. 

272.  HOLLOW-METAL  DOOR-FRAMES,  TRIM  AND 
MOLDINGS.  After  the  hollow-metal  door  reached  an  advanced 
stage  of  construction  the  manufacturers  turned  their  attention  to 
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the  problems  involved  in  making  metal  frames  and  moldings.  It 
was  found  that  moldings  made  by  the  ordinary  hot-rolled  process 
were  too  rough  and  heavy  and  required  too  much  labor  to  smooth 
and  finish  their  surfaces ;  and  that  those  pressed  from  light-gauge 
steel  by  the  common  methods  were  not  clear-cut  and  definite  in 
their  outlines  and  were  limited  in  length  and  in  variety  of  shapes. 
Accordingly,  what  is  known  as  the  "cold-drawn"  method  of  mak- 
ing frames,  trim  and  moldings  was  developed  and  perfected,  and 
moldings  made  by  this  process  are  now  used  for  many  kinds  of 
interior  work.  The  cold  metal  is  drawn  through  special  dies  to 
give  it  the  required  shape  and  the  bright  finish  is  retained.  The 
comers  and  angles  come  out  sharp  and  true  and  the  pieces  possess 
much  greater  strength  and  rigidity  than  those  hot-rolled  and  several 
times  thicker.  There  are  dies  for  over  a  thousand  shapes.  Mold- 
ings can  now  be  made  in  lengths  up  to  40  or  even  50  feet,  but  extra 
freight-rates  and  other  drawbacks  make  it  inadvisable  to  ship  it 
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in  lengths  of  over  20  feet.  Besides  the  cold-rolled  special  high- 
grade  steel,  brass,  bronze  and  copper  are  used  in  their  manufacture. 
The  rolled  shapes  include  angles,  channels,  Z  bars,  and  moldings 

for  bases,  cornices,  wire-conduits,  door- 
jambs,  sash-bars,  panels  and  glass,,  pic- 
ture-frames, door  and  window-casings, 
trims  of  all  kinds,  wainscoting,  chair- 
rails,  and  numerous  miscellaneous  sorts. 
Wrought-iron  welded  one-piece  door- 
frames are  made  for  use  in  fire-proof 
partitions.  Fig.  425a*  shows  a  jamb- 
detail  of  a  door-frame  of  this  type. 
These  frames  are  constructed  scien- 
tifically of  specially  rolled  wrought  iron 
in  several  different  shapes.  The  mitered 
corners  are  welded  together  making  the 
frame  one  solid  piece.  They  are  made 
for  any  thickness  or  type  of  door  or 
partition,  require  no  bracing  and  can  be 
fitted  with  invisible  hinges  if  required. 

273.  HOLLOW-METAL  WINDOW-FRAMES  AND 
SASHES.  Hollow-metal  window-frames  and  sashes,  as  well  as 
those  which  are  made  of  metal-covered  wood  and  of  cast  iron, 
wrought  iron,  drawn  bronze,  cast  bronze,  etc.,  and  glazed  with 
wire-glass,  prism  glass,  electroplated  glass,  etc.,  are  used  in  those 
parts  of  buildings  in  which  the  exposure  to  fire  is  not  great  enough 
to  require  the  use  of  hinged  or  rolling  shutters,  or  where  a  more 
pleasing  appearance  is  demanded  than  that  resulting  from  the  use 
of  hinged  or  rolling  fire-shutters.  Owing  to  many  improvements 
made  in  recent  years,  both  in  design  and  details  of  manufacture, 
hollow,  sheet-metal  window-frames  and  sashes  are  now  ranked 
among  the  best  types  of  those  of  moderate  cost  for  general  use. 
The  National  Fire  Protective  Association,  by  their  recommenda- 
tions and  standardizations,  and  the  tests  and  labeling-systems  of 
the  underwriters'  laboratories  have  been  largely  instrumental  in 
bringing  about  these  improvements  and  results.  It  is  stated  that 
these  laboratories  have  (up  to  the  year  191 2)  approved  from  one 
to  eighteen  types  of  these  windows  for  each  of  sixty-seven  manu- 
facturers. This  puts  twenty-two  distinct  types  in  use.  About  the 
only  disadvantage  connected  with  the  use  of  sheet-metal  windows 
is  a  relatively  rapid  deterioration  when  neglected. 

The  materials  used  for  making  hollow-metal  window-frames  and 
sashes  are  galvanized  iron  or  steel;  copper;  sheet  metal,  copper- 

*  If annfactured  by  J.  G.  Braun,  New  York  City. 
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plated;  and  sheet  metal,  bronze-plated.  The  sashes  are  glazed 
with  plate  or  maze  wire-glass  where  good  appearance  is  an  essential 
requirement  or  with  ribbed  or  rough  wire-glass  where  a  translucent 
material  only  is  desired.  Of  course,  clear  glass,  unwired,  may  be 
used  when  additional  fire-resistance  is  not  the  object.  The  Na- 
tional Board  of  Fire  Underwriters  fix,  within  certain  limits,  the 
various  constructional  details,  the  maximum  permissible  sizes  of 
openings  for  glass,  etc.  The  principal  regulations  have  been  very 
conveniently  condensed  by  Mr.  J.  K.  Freitag,*  and  are  as  follows: 

"Maximum  Size  of  Frame,  Metal  frame  containing  the  sash  or  glass  not 
to  exceed  5  feet  by  9  feet  between  supports. 

'The  above  size  is  designed  to  take  the  maximum  glass-sizes  with  allow- 
ance for  the  metal  parts  and  is  as  large  as  can  be  safely  permitted. 

**Size  of  Glass,  (a)  The  unsupported  surface  of  the  glass  allowed  shall 
be  governed  by  the  severity  of  exposure,  and  be  determined  in  each  case 
by  the  underwriters  having  jurisdiction,  but  in  no  case  shall  it  be  more  than 
48  inches  in  either  dimension  nor  exceed  720  square  inches. 

"(b)  The  glass  to  be  of  such  dimensions,  after  selvage  is  removed,  that 
the  bearing  in  the  groove  or  rabbet  is  not  less  than  ^  of  an  inch. 

'^Material,  (a)  To  be  of  at  least  No.  24-gauge  galvanized  iron  and  of  a 
quality  soft  enough  to  permit  all  necessary  bending  without  breakage.  The 
galvanizing  not  to  flake  nor  break  badly  in  bending. 

"This  applies  to  all  parts  of  the  frame  and  sash. 

"Experience  has  demonstrated  that  a  metal  too  light  to  insure  a  sub- 
stantial and  durable  frame  is  liable  to  be  used,  particularly  in  the  larger 
frames. 

"(b)    To  be  of  2C>-ounce  or  heavier  where  copper  frames  or  sash  are  used. 

"The  copper  frame  is  not  considered  the  full  equivalent  of  the  iron  frame 
as  a  fire-retardant  on  account  of  the  comparatively  low  fusing-point  of 
copper.  In  localities  subject  to  unusually  corrosive  atmospheric  influences 
and  where  galvanized  iron  will  rust  out  rapidly,  the  copper  frame  may  be 
recommended  providing  the  exposure  is  not  extreme.  The  copper  frame 
should  not  be  used  in  elevator-shafts,  ventilators,  partitions  or  where  liable 
to  be  subjected  to  intense,  internal  flres. 

"Various  types  of  hollow-metal  windows  include  sash  arranged  as  follows: 

"Stationary.  Hinged  upper,  stationary  lower.  Also  with  stationary,  piv- 
oted or  hinged  transom. 

"Casement,  Double-hung.  Also  with  stationary,  hinged  or  pivoted  tran- 
som. 

"Pivoted,    Single  sash,  top  and  bottom  pivots. 
Upper  and  lower  sashes  pivoted. 
Upper  sash  side-pivoted;  lower  sash  stationary. 
Lower  sash  side-pivoted ;  upper  sash  stationary. 
Pivoted   middle  sash;   upper  and   lower,   stationary. 
Upper,  middle  and  lower  sashes   pivoted. 

•••Fire  Prevention  and  Fire  Protection,"  by  J.  K.  Freitag. 
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Pivoted  upper;  two  lower,  stationary. 
Pivoted  upper  and  lower;  middle,  stationary. 
"Combination,    Pivoted  upper  sash;  double-hung  lower  sash." 

Approved  hollow-metal  window- frames  and  sashes  of  one  type  * 
are  constructed  as  follows: 

Frames.  The  window-frames  are  made  of  No.  22  galvanized  steel.  All 
frames  have  a  staff-molding  of  a  standard  design,  and  have  a  i-inch  fin. 
The  staff -molding  and  fin  are  formed  in  the  jamb.  The  parting-strip  has 
a  channel-shaped  weather-strip  made  of  the  same  gauge  steel  and  is  fastened 
to  the  parting-strip  with  small,  round-head  bolts  inserted  at  distances  not 
less  than  9  inches  on  centers.  The  sash-runs  are  so  arranged  that  the 
weight-pockets  will  not  in  any  way  interfere  with  the  working  of  the  sashes. 
The  cover  of  the  weight-pockets  is  attached  to  the  sash-runs  with  two 
countersunk  bolts  and  the  sash- runs  are  countersunk  to  receive  the  sash- 
pulleys.  The  pulleys  are  fastened  to  the  frame  with  countersunk  bolts  and 
all  frames  are  delivered  to  the  building  with  the  pulleys  in  place.  The 
entire  frame  is  well  clinched  and  riveted  at  all  joints  and  soldered  so  that 
the  frame  is  water-tight.  Each  frame  has  the  underwriters'  label,  as  well 
as  the  label  of  the  manufacturer,  on  the  inside  of  the  sill. 

The  frames  are  well  braced  with  two  channel-shaped  braces  well  soldered 
to  the  head  and  jamb.  These  braces  are  left  in  place  until  the  sashes  are 
to  be  hung,  and  are  then  removed  by  the  contractor.  All  surplus  solder  is 
removed  from  the  frames. 

After  the  frames  have  been  painted,  the  sills  are  filled  with  concrete, 
made  of  one  part  cement,  two  parts  sand  and  three  parts  clean  cinders,  well 
grouted  in  place.  For  out-of-town  shipments  it  is  sometimes  advisable  to 
fill  the  sills  at  the  buildings  in  order  to  keep  down  the  freight-charges. 

Sashes.  The  sashes  are  made  of  No.  24  galvanized  steel,  with  ^-inch 
glass-rests.  They  have  weather-strips  arranged  to  interlock  with  the 
weather-strips  of  the  frames;  the  sashes  are  well  locked,  clinched  and 
soldered  at  all  joints  and  made  water-tight.  The  sash-locks,  lifts  and 
sockets  are  riveted  to  the  sashes.  The  chain-ears  are  fastened  to  the  sash- 
rails  with  not  less  than  two  rivets  to  each  ear. 

Muniins.  Where  muntins  are  shown,  they  are  made  of  No.  24-gauge  gal- 
vanized steel,  well  clinched  to  the  sashes  and  soldered  in  place. 

Hardware.  The  pulleys  are  of  cast  iron  and  are  roller-bearing.  Lifts, 
locks  and  sockets  are  made  of  malleable  iron,  to  fit  the  sashes,  and  are 
riveted  in  place.  The  sash-chains  are  heavy  steel,  galvanized.  Weights 
are  of  the  sectional  pattern  of  cast  iron  and  of  such  weight  as  is  necessary 
to  balance  the  sashes.     ^ 

MuUions.  Where  mullions  are  required  they  are  constructed  in  accordance 
with  the  underwriters'  requirements  for  muUioned  windows. 

Painting.  All  parts  of  window-frames  and  sashes,  whether  exposed  or 
not,  are  painted  with  one  coat  of  approved  paint  at  the  factory  before  ship- 
ment. 

*Made  by  the  United  States  MeUl  ProducU  Company,  New  York  City. 
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274.  EXAMPLES  OF  HOLLOW-METAL  DOORS, 
FRAMES.  SASHES  AND  TRIM.  Figs.  426*  to  437*  are 
typical  examples  of  hollow-metal  doors,  frames,  sashes  and  trim 
and  also  of  various  methods  of  constructing  jambs  and  bucks  in 
walls  and  partitions  built  of  various  materials. 

Fig.  426  shows  a  hollow-metal  door,  frame  and  trim  in  a  concrete  wall 
or  partition.    The  frame  and  trim  are  secured  by  screws  to  vertical,  steel 
angles  which  are  themselves  screwed  to  horizontally  placed  steel,  anchor- 
plates,  built  into  the  concrete  wall  and  perforated  as  shown  to  afford  a 
clinch  or  anchorage  in   the  concrete.    The  hollow-metal   frame  is  in  one 
piece   rebated  to  receive  the  door.    Fig.  427  shows  a  larger  square,  per- 
forated-metal-plate buck  with  two  small,  steel  channels  at  the  jamb  on  the 
wall-sides   of   the   partilion.    The   frame   is   in  two   pieces   as  shown  and  is 
secured  to  these  channels  with  screws,  the  channels  and  trims  being  screwed 
to  the   turned-up   wall-edges  of  the  plate.     Fig.   428  shows   a   hollow-metal 
stamped-panel  door,  one  of  a  pair  of  hinged,  folding  doors;  a  section  through 
the   meeting-mold    which    is    fastened    to   one   door;    the   bull-jamb;   and   a 
steel-channcl-buck  construction   secured   to  a  tile  partition  by  an  expansion- 
bolt.     The  only  trim,  aside   from  the  frame  is  the  angle-mold  in  the  jamb. 
Fig.  429  shows  a  hollow-metal  door  arranged  for  a  glass  panel.     The  butt- 
side  of  the  jamb  is  illustrated,  with  tile  partition  and  wood-buck  construc- 
tion.   The  frame,  which  is  in  one  piece,  is  screwed,  together  with  the  trim, 
to  the  wood.    Fig.  430  shows  a  hollow-metal  stamped-panel  door,  butt-jamb, 
3-inch  plaster  partition  with  wood-buck  construction  and  metal   frame  in 
two  pieces  to  form  rebate  for  door,    The  trim  and  frame  are  screwed  to 
the    wood.    This    drawing,    as    well 
as    the   others    with    the    butt-jamb, 
illustrates    the    method    of    counter- 
sunk   reinforcing    of    the    door    and 
frame  for  the  butts.    Fig.  431  is  for 
a  construction   somewhat   similar  to 
that  shown  in  the  preceding  figure 
except  that  the  partition   is  only  a 
inches  wide  and  the    frame  in  one 
piece,    rebated.    Fig.    432    shows    a 
wide  terra-cotla  partition   with  wood 
buck,  grounds,  and  one-piece  hollow- 
metal    frame    with    trim    and    glazed 
door.    The  frame  is  in  one  rebated 
Fig.  43a.    Hollow. Mfiai    fioof   and   Trim,      piece,    screwed    to    the    wood    buck 
■jiie   Wall.    Wood   Buck.  '      and   the   trim   is   lapped   over   it   and 

the  plaster  and  screwed  to  the  wood 
grounds.  Figs.  433  and  434  show  hollow-metal  door,  window- frames,  trim, 
mullion,  etc,  for  corridor,  tile  partitions  in  an  office-building.  The  partition- 
jamb  bucks  are  formed  with  steel  channels  and  angles  screwed  together  as 

*  Courtes/  of  tfae  Dablilrom  McUllic  Door  Companx.  Jamolown,  N,  V. 


METAL  FRAMES  AND  TRIMS, 


433 


shown.  Adjustable  metal  clips  are  furnished  with  these  bucks  to  fur  out 
to  the  proper  distance  the  frames  and  trim  which  are  screwed  to  them.  The 
construction  of  the  partition  between  the  door  and  partition  glazed  frames 
is  clearly  shown.    The  glass  is  held  in  rebated  one-piece  hollow-metal  frames 


Fig.  431.     Hollow-Mrtal    Win-     Fig.  434.     Hollow-Metal  Door,  Trim  and  Window-Frame 
dow-Frame    and    Trim    with  with  Channel-Bucka  for  Parti tion-Mullion. 

Channel-Buck   for   Tile    Par- 
tition. 
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Fig.  435-     Hollow-Metal     Win-     Fia^  436.     Hollow-Metal    Door,    Trim    and    Window 
dow   Frame   and   Trim   with         Frame  with  Wood  Bucks  for  Partition-Mullion. 


Wood   Buck  for  Tile   Parti- 
tion. 


by  removable  moldings.  The  meeting-stiles  of  hinged,  folding  doors  with 
meeting-molding  are  also  shown.  Figs.  435  and  436  show  a  wood-buck  con- 
struction for  doors,  partition  borrowed  lights,  partition  mullions,  etc.,  similar 
to  those  shown  in  Figs.  433  and  434.  Fig.  437  illustrates  the  type  of  hollow- 
steel  doors,  transoms,  glazed  frames,  trim,  etc.,  used  in  the  partitions  be- 
tween the  corridors  and  offices  of  the  United  States  Express  building,  New 
York  City.  The  elevation  shows  both  the  corridor  and  office  sides  of  the 
partition,  door,  transom  and  glazed   frames.    Section  A   is  taken  through 
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ihe  bottom  rail,  panel  and  panel-mold  of  the  door.  Section  B  is  taken 
through  the  middle  rail,  the  steel  and  glass  panel-molds  and  the  letter-drop, 
and  indicates  the  method  of  securing  the  latter  to  the  hollow-sleei  rail.  The 
elevation  of  the  letter-drop  hood,  also,  is  shown.     Section  C  is  taken  througb 


the  upper  rail  of  the  door,  the  transom-bar  and  the  lower  part  of  the  tran- 
som-sash. Section  D  is  taken  through  the  upper  part  of  the  transom-sash 
and  the  transom-head.  The  transom-sash  \s  pivoted  in  the  middle  to  swing 
in  at  the  top,  and  shuts  against  a  rebated  one-piece  hollow-steel  frame  which 
is  screwed  to  the  wood  side  and  head  blocks.    Section  E  is  taken  through 
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the  knob-stile  of  the  door,  the  muUion  and  the  side-ltght  frame.  For  the 
interior  of  the  mullion  and  side-light  bucks  %  by  2^-inch  wood  pieces  are 
used,  with  horizontal  wood  blocking  added  in  the  mulllons.  The  metal 
frames  are  screwed  to  the  vertical  wood  pieces  or  bucks,  and  the  trim  is 
screwed  to  the  horizontal  blocking.  In  connection  with  Section  £  is  a 
horizontal  section  through  the  knob  and  hinge  or  hutt-sliles  and  the  glazed 
panel  of  the  door.  Section  F  is  taken  horizontally  through  the  transom-sash, 
frame  and  mullion  at  the  sash-pivot,  and  section  G  is  through  the  side-light 
jamb.    Section  H  is  taken  through  the  office  hollow-steel  base  and  the  cor- 
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V'StHl  Trim  and   Door 


vilb   Solid-PaneL    Tile  Panition.     Wood   Buck. 


ridor,  marble  wainscot-base;  the  former  is  made  in  two  pieces,  screwed  to 
the  wood  grounds,  and  has  a  hollow-metal  quarter-round  mold,  screwed 
through  the  base  at  the  floor-angtes.  Section  /  is  taken  through  the  side- 
light sill,  stool  and  apron.  The  hollow-melal  stool  is  in  two  pieces  in  the 
width  of  the  partition,  laps  under  the  moldings  of  the  side-lights  and 
finishes  over  the  face  of  the  corridor,  marble  wainscot.  The  metal  apron 
on  the  office  side  ts  in  a  separate  piece,  and  is  screwed  to  the  wood 
ground  under  the  wood  sill -block.  The  moldings  securing  the  lower 
part  of  the  glass  of  the  side-lights  are  screwed  to  the  metal  stools.  The 
rernaining  section,  /,  is  taken  vertically  through  the  wall-moldings ;  a  hollow- 
metal  picture-mold  is  shown  on  one  side  and  a  wire-mold  on  the  other. 
Both  molds  are  screwed  to  wood  grounds  and  furring-blocks  or  strips  as 
shown.  The  dimensions  of  all  the  details  described  above  are  figured  or 
clearly  shown  on  the  drawings. 
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FIb.  439-     HaUov-StMl  Trim  and  Door  wllli  Sotid-Puiel.     Tile  Firlition.     Channel- Buck. 
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Fig.   44a>     HolIow.Stnl    Sub-Door   tnd   Trauoin.    Tile   Pirtition.     Cbannel-Buck. 
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The  eleven  illustrations  *  from  Fig.  438  to  Fig.  448,  are  addi- 
tional typical  examples  of  hollow-steel  doors,  frames,  sashes  and 
trim,  with  variations  in  constructional  details. 

*  Caurt»|t  of  Ihc  United  5ute«  UeUl  Producls  Compuir,  New  York  Gtj. 
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Fig.  438  shows  a  hollow-steel,  single,  solid-panel  door,  rebated  single-fnece 
frame,  two  styles  of  trim  and  wood  buck  in  tile  partition.  The  wood  buck 
is  reinforced  at  the  hinged  side,  only,  by  a  i^  by  2-inch  steel  angle.  The 
key  or  fastening  of  panel-mold  to  stile  is  shown.  Fig.  439  shows  a  hollow- 
steel  single-panel  door  in  tile  partition,  with  wood  grounds  machi De-screwed 


Fi(.  4M-     Hollow-Si 


to  a  steel-channel  buck,  which  is  drilled  and  tapped  for  !4-inch  stove-bolts. 
These  bolts  are  placed  about  4  inches  from  ceiling  and  finished  floor,  spaced 
approxitnalely  20  inches  on  centers,  and  staggered.  The  machine-screws 
securing  the  door-butts  to  the  jambs  continue  into  the  channel-buck.  Fig. 
440  shows  a  hollow-slccl  sash  door  with  transom  in  a  tile  partition  and  with 
steel-channel  buck.  The  larger  detail  shows  also  the  ^-inch  saddle,  tran- 
som-bar and  sash-section  and  head  jamb  with  channel  support  for  tile  over 
the  opening.  Figs.  441  to  444  show  a  hollow-steel  "underwriter"  door, 
in  elevation,  plan,  vertical  section,  and  constructional  details.    Fig.  443,  a 
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horizontal  section  through  the  hinge-stile  and  hinge-jamb  of  this  door,  shows 
the  perforated  sheet-steel  wall  or  partition-anchor,  spot-welded  or  riveted  to 
the  jamb-angle;  the  corner  angles  of  the  frame,  to  which  the  hollow-steel 
frame  is  attached;  the  }^  by  i^  by  8-inch  hinge-plate;  and  the  5  by  5-inch 


Fig.  445.     Standard    Hollow   Galvanized-Iron   Double-Hung  Underwriter  Window. 

steel  hinges.  Fig.  443  shows  the  wall- frame  in  a  brick  wall  with  the  con- 
nections with  the  standard  saddle  or  cast-iron  J/S  by  8^-inch  sill-plate,  the 
head  of  the  wall- frame,  and  other  details.  Fig.  444  shows  three  horizontal 
sections  through  this  hollow-steel  underwriter  door.  The  upper  drawing  is 
a  section  through  the  outer  door-stile  and  through  the  steel  panel  and  panel- 
mold  ;  the  middle  drawing  shows  the  meeting-stiles,  meeting-moldings,  "three- 
point  locking-device"  and  automatic  bolts;  and  the  lower  drawing  shows 
the  hinge  or  butt-stile  of  door,  butt  and  butt- reinforcement  and  channel-buck 
jamb. 
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Fig,  445  shows  the  standard,  hollow,  galvanized -iron  double-hung,  under- 
writer window,  with  vertical  sections  taken  through  the  sill,  sashes,  meeting- 
rails  and  head  and  with  a  horizontal  section  through  the  sashes,  frames  and 
masonry  jamb.  The  sashes  are  thoroughly  reinforced  with  channel  steel, 
the  galvanized  metal  being  formed  around  them  as  shown.  The  meeting- 
rails  have  aii  intermediate,  locking,  fire- res! sting  device.  Sash-bars  are  shown 
with   a   middle   rein  forcing-piece  held    tightly  in   place  by  screws.     Fig.   446 


shows  a  hollow,  galvanized-iron  window- 
pivoted  at  top  and  bottom.  Fig.  447  shoi 
to  swing  in  and  Fig,  448  casement- window  sashes 


nd  sill.    The  sash  is 
indow  sashes  hinged 


7.  INSIDE  SHUTTERS,  INSIDE  BLINDS  AND 
COILING  PARTITIONS. 
275.  INSIDE  SHUTTERS.  At  one  time  inside  shutters 
were  considered  among  the  necessary  fittings  of  a  fine  dwelling, 
and  when  they  are  properly  arranged  they  are  very  serviceable. 
When  they  interfere  with  the  proper  trimming  of  the  windows  by 
shades  and  draperies,  however,  they  are  more  objectionable  than 
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desirable.  Therefore  when  they  are  used  in  rooms  that  are  to  be 
nicely  furnished,  the  jambs  of  the  windows  should  be  made  of 
such  depth,  by  furring  the  walls  if  necessary,  that  pockets  may  be 
provided  for  the  shutters  to  swing  into  when  open,  and  the  ar- 
rangement of  the  finish  should  be  such  that  when  the  shutters  are 
folded  back  they  will  look  like  paneled  jambs.  To  obtain  the  best 
effect  the  windows  should  have  panel-backs,  with  paneled  jambs  to 
the  floor. 

Figs.  449  to  451,  taken  from  an  excellent  article  on  "Interior 
Woodwork,"  by  Mr.  A,  C.  Nye,  and  published  in  the  American 
Architect  of  January  23,  1892,  shows  what  is  probably  the  most 
complete  and  desirable  arrangement  for  inside  shutters  in  dwell- 
ings. 

The  different  folds  of  the  shutter  should  be  hung  so  that  they  will 
all  swing  in  the  same  direction,  the  middle  leaf  always  occupying  a 
position  near  the  center  when  the  shutters  are  folded  in  the  box. 
It  is  believed  that  this  method  of  hanging  corrects  the  tendency  of 
shutters  to  spring  out  of  the  box. 

One  feature  which  may  be  noticed  in  Figs.  450  and  451  and 
which  should  always  be  provided,  is  that  the  top  of  the  shutter  is 
not  carried  to  the  soffit  of  the  window,  but  is  separated  by  a  J4  or 
^-inch  bead.  The  bottom  is  similarly  treated  on  the  elbows  and 
seat. 

The  location  of  the  curtain-poles  should  be  considered  in  laying 
out  the  drawing  for  the  window.  If  they  are  to  be  set  on  the  out- 
side of  the  trim  the  casings  may  be  set  as  close  to  the  shutter-box 
as  the  thickness  of  the  wall  will  permit.  If,  however,  it  is  desired 
that  the  curtain  be  kept  inside  the  trim,  or  if  the  shutter-box  does 
not  project  sufficiently  to  clear  the  plaster-line  of  the  wall,  a  fitting- 
piece  must  be  used,  as  shown  in  Figs.  449  and  450,  and  the  curtain- 
poles  fastened  to  it.  Should  the  fitting-piece  be  wide  enough  to 
receive  both  the  heavy  pole  for  drapery  curtains  and  the  small 
pole  for  lace  curtains  the  latter  is  placed  directly  behind  the  former. 
If  the  curtain-poles  are  placed  on  a  level  with  or  a  little  below  the 
soffit  of  the  window,  light  shows  above  them.  To  avoid  this  the 
fitting-piece  across  the  head  should  be  kept  2^  inches  above 
the  soffit  of  the  window  and  the  poles  placed  as  in  Fig.  450. 

When  it  is  desired  to  reduce  the  thickness  of  the  wall,  the  jambs 
may  be  splayed,  as  shown  in  section  in  Fig.  453,  and  in  elevation  in 
Fig.  452.  The  window-finish  may  also  be  brought  forward  into 
the  room  if  furring  is  objectionable,  as  shown  in  Fig.  456.  Fig. 
457  shows  the  details  of  the  finish  for  a  window  with  double-hung 
sashes  and  inside  shutters  folding  into  pockets  at  the  sides.  This 
is  another  of  the  many  methods  of  providing  pockets  for  inside 
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Fig.  449.    Plan  of  Sbotton.  Fif.  4J'-    Section 
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shutters,  the  number  of  folds  varying  greatly  according  to  condi- 
tions wliich  control  the  window-trim.  In  this  example  there  is  a 
deep  reveal  on  the  exterior  and  heavy  furring  on  the  interior  to 
avoid  building  the  shutter-boxes  out  into  the  rooms  beyond  the 
face  of  the  plastered  walls. 


Where  lace  curtains  or  draperies  are  not  considered  necessary, 
the  shutters  may  be  arranged  to  fold  back  against  a  pocket  in  the 
face  of  the  wall,  as  shown  in  Figs.  454  and  455,  There  are  also 
munerous  other  arrangements  that  may  be  provided  for  shutters, 
but  those  illustrated  appear  to  the  author  to  be  the  best.  The  shut- 
ters themselves  should  be  framed  and  paneled  with  rails  and  stiles 
iH  inches  thick,  although  these  are  made,  sometimes,  %  or  iVm 
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inches  thick.     They  should  be  divided  into  at  least  two  sections  in 
height,  as  in  Fig.  452,  so  that  either  the  upper  or  lower  half  of  the 
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window  may  be  closed  at  will.  When  the  window  is  more  than  6 
feet  high  it  is  desirable  to  have  three  or  four  sections.  Each 
section  is  also  made 
in  folds  or  leaves,  of 
which  there  are  usu- 
ally four  to  windows 
3  feet  or  less  in 
width,  and  six  for 
wider  windows.* 
The  outer  or  hanging 
fold  should  always 
have  solid  panels,  but 
the  inner  folds, 
especially  in  the  up- 
per section,  are 
usually  fitted  with 
rolling  slats.  In  the 
best  blinds  the  roll- 
ing slats  do  not  have 
a  rod  in  front,  but 
are  fitted  with  metal 
bars  at  the  ends, 
which  cause  them  to 
work  better  and  take 
up  no  space.  Fig. 
458  shows  the  stand- 
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ard  section,  one-half  full  size,  of  stiles  and  panels  as  made  by 
the  Wilier  Manufacturing  Company,  Milwaukee,  Wis.  The  folds 
should  be  hung  so  as  to  fold  back  in  the  manner  indicated  in  the 

drawings.  For  a  de- 
scription of  the  hard- 
ware trimmings,  see 
Chapter  VI.  Shutters 
are  usually  made  of 
the  same  wood  as  the 
finish  of  the  room,  al- 
though occasionally  a 
different  kind  of  wood 
is  used.  Better  shut- 
ters will  generally  be 
obtained  by  purchasing 
them  from  firms  that 
make  a  specialty  of 
their  manufacture. 

276.  SLIDING 
BLINDS.  Besides 
the  folding  shutters  de- 
scribed in  the  preced- 
ing section,  there  are 
three  other  styles  of 
inside  window-blinds, 
namely,  sliding  blinds, 
rolling  blinds  and 
Venetian  blinds,  which 
are  more  or  less  used 
in  place  of  shutters  or  cloth  shades,  and  with  which  the  architect 
should  be  familiar. 

Sliding  blinds,  although  not  used  as  much  as  formerly,  are  still 


Fig*  457*     Finish  for  Double-Hung  Sashes  and   Folding 
Shutters.     Heavy   Furring. 
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Fig.  458.     Stiles  and  Panel  of  Rolling-Slat  Blind.    One-Half  Full  Size. 

made  ahd  installed  in  buildings.  They  are  made  in  vertical  sec- 
tions to  slide  up  and  down  between  the  jambs  of  the  window  in  the 
same  way  as  the  sashes.    The  blinds  may  operate  within  the  height 


44B  BUILDING-CONSTRUCTION.  (Ch.  V) 

of  the  window,  or  they  may  run  into  a  bottom  pocket,  or  into  a 
top  pocket,  or  into  both  a  top  and  a  bottom  pocket,  so  that  the  win- 
dow can  at  any  time  be  either  wholly  or  partly  uncovered  by  the 
blinds.  The  different  sections  operate  independently  of  each  other, 
each  sliding  by  the  others,  so  that  any  section  may  be  raised  or 
lowered  without  uncovering  the  other  portions  of  the  window. 
The  sections  may  be  balanced  by  weights  or  held  in  place  by  springs 
only,  that  press  against  the  guides  or  runways.  For  narrow  win- 
dows the  springs  answer  very  well,  but  when  the  blinds  are  more 
than  3^4  feet  wide  it  is  much  better  to  balance  them  by  weights, 
and  balanced  blinds  will  probably  give  better  satisfaction  even  in 
narrower  windows.  Springs  are  used  also  in  conjunction  with  the 
weights  for  the  purpose  of  holding  them  sufficiently  tight  to  pre^ 
vent  rattling. 

The  number  of  sections  to  be  used  in  any  given  window  will 
depend  upon  the  height  of  the  window  and  the  amount  of  money 
that  can  be  expended,  the  cost  increasing  with  the  number  of  sec- 
tions. For  windows  between  5  and  7^  feet  in  height  three 
sections  are  recommended,  and  for  windows  over  7^  feet  in 
height,  four  sections.  The  total  height  of  the  sections  should  be 
such  that  the  entire  window  between  the  sill  and  head  may  be 
closed,  and  the  sections  lap  over  each  other  from  ^  of  an  inch 
to  2  inches,  according  to  the  size  of  the  window.  Each  section 
should  be  divided  into  a  number  of  divisions  or  panels,  which 
should  be  between  6  and  10  inches  in  width,  including  stiles  and 
mullions.  These  divisions  may  be  filled  with  panels  or  slats  in  any 
arrangement  desired. 

To  use  sliding  blinds  to  the  best  advantage  and  without  sac- 
rificing the  appearance  of  the  window,  the  window-frames  or  in- 
side finish  should  be  made  to  accommodate  the  kind  of  blind 
selected.  Special  arrangements  are  necessary  for  the  runways, 
and  in  fine  dwellings  pockets  should  be  provided  to  receive  the 
blinds  when  not  in  use.  When  the  wall  is  thick  enough  the  best 
appearance  will  usually  be  obtained  by  having  a  hinged  stool  and 
a  panel-back  between  the  casings  and  allowing  the  latter  to  form 
the  front  of  the  pocket  for  the  blinds. 

In  chambers,  schoolrooms,  offices,  etc.,  the  pocket  may  be  dis- 
pensed with,  as  by  using  three  sections  two-thirds  of  the  window 
can  be  uncovered,  which  is  usually  sufficient,  and  the  appearance 
of  the  blinds  is  not  in  such  places  objectionable.  The  usual  thick- 
ness of  sliding  blinds  is  ^  of  an  inch  and  the  parts  are  put  together 
with  mortise-and-tenon  joints.  The  sections  slide  in  the  channels  or 
grooves  of  applied  guideways  which  are  variously  secured  to  the 
jambs  and  subjambs  and  i|sc4  with  pr  without  the  stop-beads  accord- 
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ing  to  the  thickness  of  the  walls  and  the  number  of  sections  in  the 
height  of  the  blinds. 


Fig.  4S9.     Hinged  Stool  and  Pansl-Back  Pocket  for  Sliding  Blindi. 

I^S'  459  shows  perhaps  tlie  best  arrangement  for  inside,  sliding  blinds  of 
three  seclions :  the  sections  all  elide  into  a  pocket  behind  the  panel-back  and 
a  hinged  stool  is  provided  to  cover  the  pocket  when 
the  window  is  uncovered.  Four  sections  may  be 
arranged  in  the  same  way  by  providing  for  an  ad- 
ditional groove  in  the  guideway.  This  detail  is 
applicable  to  all  makes  of  sliding  blinds  that  are 
held  in  place  by  springs  at  the  sides,  although  some 
makes  may  require  a  greater  space  between  the 
grooves  in  the  guideway.  Weight-balanced  blinds 
may  also  be  fitted  in  the  same  way,  but  for  these 
the  pockets  for  the  weights  are  generally  placed  in 

When  sliding  blinds  are  used  in   frame  build-  Spring  Sliding  Biind>. 

inge    or    in    brick    buildings    with    p-inch    walls, 

it  is  generally  necessary  to  place  the  guideway  against  the  pulley- 
stile,  allowing  it  to  take  the  place  of  the  stop-bead,  as  shown  in  Figs. 
^,  and  461.    Fig,  460  shpwg  th?  detail  for  2  by  ^-inch  studs  and  three- 
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section,  spring,  sliding  blinds;  and  Fig.  461  shows  the  detail  for  2  by  6-inch 

studs  and  three- sect  ion,  weighted,  sliding  blinds.     In  g-inch  brick  walls,  and 

often   in  old   frame  buildings,   it  will  be  necessary 

either  to  box  out  the  casings  or  to  project  the 

guideway  beyond  the  casings.* 

In  new  buildings  the  guideways  should  be  put 
up  when  the  building  is  being  finished,  but  the 
blinds  themselves  may  be  put  in  or  removed  at 
will.  Sliding  blinds  may  be  made  at  any  wood- 
working shop,  but  for  the  same  amount  of  money 
much  better  blinds,  and  better  trimmings,  will  be 
obtained  by  purchasing  of  firms  making  a  specialty 
of  this  kind  of  work. 
*^£ii**f;r  Thi^s'c;"';;  277.     rolling    blinds.     These    are 

wdghiedsiidingBiiadi.  made  of  slats  Strung  on  wires  or  ribbons 
in  such  a  way  that  they  may  be  rolled  on  a 
coil,  which  is  placed  in  a  pocket  above  the  window-head;  they  run 
in  a  groove  at  each  side  of  the  window  which  keeps  them  in  posi- 
tion. The  slats  are  so  arranged  that  air  and  light  are  admitted 
and  the  view  from  within  is  unobstructed,  while  they  cannot  be 
seen  through  from  without.  Tliey  are  made  of  various  woods  to 
match  the  standing  finish. 

Rolling  blinds  do  not  require  as  deep  a  recess  for  the  window 
as  sliding  blinds  or  shutters,  but  in  frame  walls  with  less  than 
8-inch  studding  it  will  be  necessary  to  box  out  for  the  coil  either 
inside  or  outside  of  the  window.  In  connection  with  the  rolling 
blind  a  single  section  of  sliding  blind  fitted  with  movable  slats  is 
sometimes  used  at  the  bottom  of  the  window;  a  pocket  is  con- 
structed behind  the  panel-back  to  receive  it.  With  this  arrange- 
ment the  rolling  portion  need  not  be  so  long  and  the  size  of  the 
coil  is  reduced. 

Pig.  462  shows  a  section  through  the  jamb,  head  and  sill  of  a  window  in  a 
12-inch  brick  wall,  fitted  with  Wilson's  Rolling  Venetian  Blind,  with  the 
coil  placed  in  a  pocket  behind  the  stone  linfel,  and  a  sliding-section  at  the 
bottom.  When  it  is  not  practicable  to  place  the  coil  in  the  wall  it  may  be 
enclosed  in  an  inside  cornice  placed  above  the  window.t  The  diameter  of 
the  coil,  D,  with  the  blinds  rolled  up,  is  7  inches  for  a  5-foot  blind ;  7j4 
inches  for  a  6-foot  blind,  and  S'A  inches  for  a  7-fool  bhnd. 

Provision  should  be  made  for  easily  removing  the  casing  in  front  of  the 
coil  in  order  to  oil  the  bearings.    If  the  whole  front  of  the  box  be  put  up 

■Etcellcnt  details  showing  the  construclion  of  the  guideways  and  finish  for  a  grtat 
variety  of  arrangements  will  he  found  in  Ihc  Urgr  catalogue  of  the  Winer  Manufactur- 
ing Company,  Milwaukee,  Wis.,  and  futlher  data  concerning  cooalruclion.  in  the  CIl»- 
logat   of   the   Burlington    Venetian    Blind    Company,    Burlington,    Vt. 

t  I>eta>lB  and  descriptlani  of  various  arrangements  for  enclosing  the  coils  will  he  found 
In  the  catalogue  of  Ihe  James  G.  Wilson  Manufacturing  Company,  New  York  City. 
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with  screws  the  coil  may  be  set  in  place  after  the  fitiishing  is  done  and  may 
be  removed  al  any  lime.  By  framing  the  rails  of  the  top  panel  (Fig.  462) 
into  the  corner-blocks  and  putting  the  latter  up  with  screws,  the  whole  front 
of  the  pocket  may  be  readily  removed,  while  the  joint  will  not  be  perceptible 
when  the  finish  is  in  place. 


Fie.  ^6i.     Dtlail   for  Rolling  Blinds. 

Rolling  blinds  have  been  very  extensively  used  in  very  fine  residences  and 
are  preferred  by  many  lo  other  styles  of  blinds.  To  secure  the  best  results, 
however,  they  should  be  arranged  for  when  the  building  is  constructed. 

Rolling  blinds  may  also  be  lilted  to  work  outside  the  sashes  and  may  be 
made  of  steel  as  a  protection  from  fire  and  burglars. 
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278.  ROLLING  OR  COILING  PARTITIONS.  It  is  very 
often  desirable  so  to  unite  two  rooms  by  a  large  opening  as  to 
make-  practically  one  room  of  the  two,  or  to  divide  a  given  space 
by  means  of  movable  partitions  so  as  to  form  several  separate 
rooms  or  one  large  one  at  will.  To  close  these  large  openings 
coiling  partitions  or  flexible  doors  have  proved  as  a  rule  to  be  the 
most  practicable  device,  and  the  architect  should,  therefore,  know 
the  manner  in  which  these  coiling  partitions  operate,  the  best 
method  of  providing  for  them,  and  their  limitations. 

Coiling  partitions  operate  in  two  ways:  (i)  by  coiling  about 
a  horizontal  shaft  placed  above  the  opening,  and  (2)  by  coiling 
about  a  vertical  shaft  placed  at  the  side  of  the  opening.  The 
former  will  be  hereinafter  referred  to  as  "horizontal  partitions" 
and  the  latter  as  "vertical  partitions," 

I.  Horizontal  Rolling  or  Coiling  Partitions.  The  use  of  these 
partitions  is  limited  to  openings  for  a  single  coil  of  not  more  than 
20  feet  in  height  or  15  feet  in  width.  If  the  height  is  over  10 
feet  it  will  be  better  to  keep  the  width  down  by  subdivisions  to 
8  or  10  feet  as  the  smaller  the  door  or  partition,  the  less  will  be  the 
force  required  to  operate  it.  For  churches  and  schools  a  height 
and  width  of  from  10  to  12  feet  wUI,  as  a  rule,  be  found  to  give 
the  best  results. 


Fig.  46J.     HaiiionUI  Rollina:  Psrlilion. 

Where  a  width  greater  than  14  feet  is  desired,  the  opening  may 
be  divided  by  permanent  posts,  or  by  guideways  put  up  so  that 
they  can  be  readily  removed  when  the  partition  is  raised.    At  the 
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sides,  horizontal  coiling  partitions  require  only  a  grooved  guide- 
way  about  3  inches  wide,  but  at  tlie  top  a  box  of  considerable  size 
is  required  to  enclose  the  coil. 


Fig.  464.     Horiiouul  Rollins  Putition. 

The  best  method  of  putting-  up  the  partition  will  depend  somewhat  upon 
the  structural  conditions  of  the  huilding.  Where  there  is  but  a  single  open- 
ing in  a  6  or  8-inch  partition,  the  method  shown  in  Fig.  463  is  ihc  simplsKt 
and  gives  a  neat  appearance.  Brackets  for  receiving  the  shaft  are  screwed 
to  the  face  of  the  jamb  and  the  coil  is  encased  by  narrow  ceiling  as  shown. 


FIC.   465.     Rollins  Paniliimt  at  Eight-Anglu  to  Euh  Olfaer. 

If  the  height  will  not  permit  this,  the  brackets  may  be  set  on  the  face  of  the 
partition,  the  coil  being  above  the  opening,  as  shown  in  Fig.  464, 
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When  there  are  several  openings  side  by  side,  or  at  right-angles  to  each 
other,  as  in  the  plan.  Fig.  465,  it  will  be  better  to  make  the  posts  forming  the 


: 
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Fig.  466.    GaslngB  for  Horizontal  Rolling  Partitions.     See  Fig.  467  for  Details. 

permanent  partition  large  enough,  for  the  box  containing  the  coil  to  go  be- 
tween them.  A  favorite  method  for  finishing  such  partitions  is  shown  in 
Fig.  466,  which  represents  the  elevation  of  a  portion  of  the  partition  in  a 
room  14  feet  high.  The  casing  of  the  large  post  is  made  deep  enough  to 
receive  the  paneled  transom  enclosing  the  coil,  and  transom-sashes  are  placed 
above.  At  P  is  shown  a  removable  post  or  guideway,  which  is  secured  at 
top  and  bottom  by  flush  bolts  so  that  it  may  be  quickly  removed  when  the 
coiling  partitions  or  doors  are  raised.  Where  such  removable  posts  are 
used,  it  is  necessary  to  place  a  plank  or  iron  bracket  in  the  coil-box  directly 
over  the  post  to  receive  the  end  of  the  shafts  on  either  side.  This  block  or 
bearing  may  be  hung  from  the  ceiling  by  iron  bars  enclosed  in  the  division 
between  the  transom-sashes,  and  where  the  transom  is  over  8  feet  long  it 
should  be  supported  in  the  same  way.  Removable  posts  may  also  be  used 
when  fhe  coil  is  placed  and  enclosed,  as  in  Figs.  463  and  464;  a  bracket  is 
placed  directly  over  the  removable  post 

Fig.  467  shows  a  cross-section  of  the  transom  and  coil,  shown  in  Fig.  466. 
One  side  of  the  box  or  transom  enclosing  the  coil  should  be  put  up  with 
round-headed  screws  so  as  to  be  removable  at  will. 

The  Wilson  partition*  works  very  satisfactorily  for  openings  within  the 
limits  previously  given.  It  is  composed  of  wood  slats  iJ/$  to  2  inches  wide 
and  J^  to  ^  of  an  inch  thick,  fitted  together  with  rule-joints  edge  to  edge, 
and   threaded  upon   tempered-steel   bands   which   run   from  top  to  bottom, 

*  Made  hj  the  James  G.  Wilson  Manufacturing  Company,  New  York  City. 


ROLLING  PARTITIONS. 


about  16  inches  apart.  These  bands  are  riveted  to  the  top  bar  of  the  par- 
tition, and  each  band  is  attached  separately  to  a  spirai-spring  anchor  con- 
cealed in  the  bottom  rail  and  fitted 
with  simple  means  of  adjust- 
ment for  regulating  the  tension. 
This  tension  on  the  steel  bands 
holds  all  the  slats  in  close  contact 
and  also  permits  of  the  extension  of 
the  steel  bands  as  the  partition  is 
coiled  on  the  shaft.  The  partition  is 
hung  upon  powerful  spring  rollers 
which  exactly  counterbalance  the 
weight,  so  that  the  partition  may  be 
coiled  with  comparative  ease  and 
will  stay  wherever  put.  One  side 
of  the  partition  may  be  prepared 
with  a  flat  smooth  surface  for 
blackboard  use  or  decorative  pur- 
poses if   desired. 

For    the    Wilson    partitions,     yi- 

inch     thick,     the      following     spaces 

are     required      inside     the     coil-box 

(DD      in      Fig.      467)      to      permit 

coiling,     the     actual     diameter 

inch 


of    the    coil    being    J^    of    : 


Height  of  Width  D  for 

opening.  partitions  up  to 

10  feet  wide. 

14  feet  to  15  feet  16  inches. 

16  feet  17      " 

18  feet  20      " 

19  feet  to  25  feet  22      " 


Width  D  for 
partitions  up  ti 
10  feet  wide. 

6  feet  13      inches, 

7  feet  14         " 

8  feet  to    g  feet  ...14H      " 

9  feet  to  1 1  feet  . , .  i4!-j      " 
12  feet  to  13  feet  ...IS^S      " 

The  Wilson  partitions  in  whitewood,  J^-inch  thick,  varnished,  are  listed 
at  S3  cents  per  square  foot,  and  in  quartered  oak,  varnished,  at  65  cents 
per  square  foot  for  openings  containing  over  35  square  feet  and  not  more 
than  20  feet  high,  all  partitions  being  measured  1  foot  above  the  sight- 
opening,  or  to  the  top  of  box  in  which  they  coil.  Prices  include  necessary 
grooves,  shaft-rollers  and  iron  handles.  Iron  brackets.  Fig.  464,  cost  $3.00  a 
pair ;  there  are  special  iron  brackets  to  go  over  movable  posts. 

Figs.  468  and  469  show  the  construction  of  another  type  of  horizontal  coiling 
partitions.*  The  slats  composing  the  curtain  are  I'/i  inches  in  total  width 
and  are  made  in  two  thicknesses,  '/i  and  ^  of  an  inch,  of  various  woods 
and  with  the  surfaces  longitudinally  ribbed  or  plain.  They  are  strung  upon 
phosphor-bronze  ribbons,  spaced  24  inches  on  centers.  Fig.  468  gives  an 
elevation,  part  of  which  is  omitted  to  show  the  shafting,  etc.,  and  a  vertical 


*  Hade  by  Tfae  Kim 


pany,  Colutnbua,  Ohio. 
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section,  which  indicates  the  general  constructional  details.  Fig.  469  illus- 
trates the  method  of  assembling.  The  peculiar  shape  of  the  section  removed 
for  the  passage  of  the  ribbon  permits  the  joint  to  move  radially  without 


Fis.  4^3.     Kinne 
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abruptly  bending  the  ribbon  or  causing  any  change  in  its  relative  length 
or  in  the  length  of  the  curtain  during  the  flexure.  Compensating  springs 
in  the  bottom  rail  are,  therefore,  un- 
necessary and  a  narrower  rail  is  used 
with  a  correspondingly  smaller  exten- 
sion into  the  opening.  The  curtain  is 
bung  upon  spiral  rings  mounted  on  a 
tubular- steel  barrel,  which  contains 
helical  steel  springs  for  counterbal- 
ancing the  weight.  The  barrel  is 
joumaled  r>n  shafting  in  cast-iron 
supporting  brackets.  Adjustment  of 
(he  counterba  la  nee- springs  Is  accom- 
plished by  means  of  a  wheel  mounted 
on  one  of  the  journals  to  which  the 
springs  are  attached.  The  tension 
may  be  increased  or  decreased  accord- 
""■  ing  to  the  direction  in  which  the  wheel 

It  of  turning.    This  method  is  convenient  and  greatly 
balancing    of    the    curtain.    Small    partitions    arc 


V\%.  4S9.     Slal-Dcti 
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operated  by  means  of  a  handle  placed  on  the  bottom  rail.  Those  of  ex- 
cessively Urge  dimensions  are  equipped  for  this  purpose  with  mechanical 
devices,  which  usually  consist  either  of  a  gear  and  endless  chain  or  of  a 
crank  from  which  power  is  transmitted  to  the  curtain  by  means  of  a  shaft 
and  gear. 

2.  Vertical  Rolling  or  Coiling  Partitions.  These  are  con- 
structed in  the  same  general  way  as  the  horizontal  partitions,  but 
the  shaft  about  which  the 
,  partition  coils  is  placed 
vertically  in  a  box  at  the 
side  of  the  opening.  Ver- 
tical partitions  will  close 
much  wider  openings 
than  the  horizontal  par- 
titions will,  unless  the 
opening  is  divided  by 
movable  posts.  Openings 
up  to  w  feet  wide  may 

be  closed  whh  two  ot  ■"«■•'-  '^•"U' pSSfi  "■""  '^'^ 
these  doors,  one  at  each 

side,  without  difBculty.  These  partition  s,"^however,  cannot  be  used 
for  openings  that  exceed  12  feet  in  height.  A  clearance-space  of 
only  I  inch  above  the  clear  opening  is  required  for  the  coiling- 
attachment.  Between  the  coil-boxes,  however,  the  soffit  may  be 
boxed  down  to  receive  the  casmg 

For  an  openmg  in  an  8-mch  partition,  6-inch  studding,  one  of  the  original 


tnethods  of  arranging  the  coil-box  and  casing  the  opening  was  that  shown 
in  Fig.  470,  which  shows  the  size  of  a  box  for  an  opening  ig  feet  wide. 
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closed  by  a  pair  of  doors.  The  portion  in  solid  black  indicates  the  earlier 
form  of  the  coil-box.  Fig.  471  shows  the  improved  form  of  paneled  coil-boxes 
for  (he  Wilson  vertical  rolling  partitions,  and  Fig.  472,  details  of  grooves, 
either  below  or  above  the 
floor-level,  for  the  partition 
to  roll  in.  Fig.  473  shows  a 
style  of  casing  adapted  to 
openings  10  or  12  feet  wide 
with  the  trim  and  doors  fin- 
ished in  white  enamel 

To  save  room,  the  coil-box 

itself  may  be  paneled  and  fin- 

ished    at    the    factory.     Coils 

fc.^..— ,B.iin».fc^i„t       --HI  .1,1  INI    .  ■   l.j!.       may  be  placed  at  one  or  both 

Fig.  „..     FWr-GroovM  for  V«lkal  Rolli^B  Par-        ""l"   «'    ">«    «I*"'"K   "*    ^ft- 

litiaiu.  sired,   unless  the  opening  is 

more  than  25  feet  wide,  when 
two  coils  are  necessary.  The  dimensions  of  the  box  enclosing  vertical  rolling 
partitions  depends  upon  the  width  of  the  opening. 

The  following  are  the  dimensions  for  C  and  B,  Fig.  470,  for  various  widths 
of  doors,  measured  from  the  box-jamb  to  the  edge  of  the  door  when  fully 

For  widths  of  C.  0, 

8  feet 12!^  inches 13'/,  inches; 

9  "    6  inches i4Vi      "       '. 14^      " 

19    "    i^V'      "        i&Vi-     " 

The  bottom  of  these  doors 
slides  in  a  hardwood,  grooved 
track,  set  flush  with  the  floor;  the 
track  is  furnished  with  the " 
doors.  At  the  bottom  of  the 
track-opening  is  a  steel  track,  fas- 
tened cither  to  the  rough  flooring 
or  to  the  hardwood  piece  set  in,  as 
shown  in  the  three  small  section- 
drawings  in  Fig.  471. 

The  price  of  flexifold  partitions 
depends  on  size  of  doors,  kind  of 
wood,  finish,  and  whether  open- 
ing is  to  be  closed  with  one  door 
or  a  pair.  For  partitions  in  Nortlt 
Carolina  pine,  varnish-finish, 
bronze  trimmings,  track,  etc.,  sU 
ready  to  set  up,  the  price  is  about 
70  cents  per  square  foot  for  the 
openings  between  finished  jamba. 
At  an  extra  cost  these  parlilions 
may   be  finished   in   white  enamel 

n..„,  v,„<.,  Mi„  p.,,1.1...  c„     i,j„i,rf. 
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279.  VENETIAN  BLINDS.*  The  common  or  English 
type  of  Venetian  blinds,  the  type  first  used  in  the  United 
States  and  still  used  for  the  cheaper  makes,  consists  of  a  series 
of  thin  wooden  slats  from  i^  to  2^  inches  wide,  arranged  lat-  ■ 
erally  in  woven  ladder-tapes,  suspended  from  the  top  and  con- 
nected by  cords  which  raise  or  lower  the  slats  or  tilt  them  as 
desired.  It  is  practically  a  window-shade  hanging  free,  but  made 
of  wooden  slats  instead  of  cloth. 

This  blind  is  very  extensively  used  in  England  and  on  the  con- 
tinent of  Europe,  and  to  a  considerable  extent  in  this  country.     It 


Fig.  474.     Wilson'i  Venetian   Blind.,   Showing  Roller. 

possesses  an  advantage  over  all  other  types  of  wooden  blinds  in 
that  it  may  be  easily  fitted  to  any  window,  although  it  can  be 
used  to  better  advantage  in  windows  having  subjambs.  The  ad- 
mission of  light  and  3'r  '.s  almost  perfectly  regulated  and  con- 
trolled, as  part  of  the  slats  may  be  opened  while  the  others  are 
closed,  or  the  blind  may  be  drawn  up  so  as  to  uncover  the  larger 

*  The  editor  hu  been  aiuited  in  (he  collection  of  ditm  for  the  reviiion.of  this  article  on 
"Venetian  Blinda"  by  (he  James  G.  Wilson  Manufacturing  Company.  New  Yorlt,  the 
Wilier  Manulaeturine  Company,  Milwaultee,  Wit,  and  the  Burlington  Venetian  Blind 
Company,  Burlington,  Vl. 
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portion  of  the  window.  When  drawn  up,  a  blind  7  feet  high  will 
take  up  a  space  of  from  11  to  12  inches  with  2-inch  slats,  and  from 
10  to  II  inches  with  2>^-inch  slats. 

Venetian  blinds  are  made  by  several  manufacturers  in  this  -coun- 
try. The  general  appearance,  construction  and  manipulation  is 
much  the  same  in  the  different  makes,  the  variations  being  in  the 
method  of  hanging  and  applying  to  the  window  and  in  the  quality 
of  the  materials  and  workmanship.  The  ladder-tapes  upon  which 
the  slats  are  hung  arc  of  linen  or  cotton,  plain  or  faced  with  silk ; 
copper  or  nickel-plated  steel;  or  phosphor-bronze,  bright  finish  or 
oxidized. 

For  fixing  the  blind  to  the  window-finish  each  manufacturer  has  a  special 
method.  Thus,  an  early  form,  the  "Victoria"  blind.  Fig.  475,  had  a  flat 
head- piece,  z  inches  wide,  which 
was  screwed  to  the  stop-bead  at  the 
top  of  the  window  when  the  latter 
was  iJi  inches  wide,  or  to  the  un- 
der side  of  ihe  head-casing,  where 
there  were  subjambs.  It  could  also 
be  fastened  to  ihe  face  of  the  win- 
dow-casings by  small  brackets. 

Most    of     the     later    types    of 
Venetian    blinds    have    a    "roller," 
"top  rail"  or  "roc king-bar"  at  the 
top,  of  which  one  form  is  shown  in 
Fig.  474,    To  this  roller  or  bar  the 
cords     for    raising    or    tilting    Ihe 
slats  are  attached.    These  bars  are 
usually  attached  only  at  the  ends, 
which   fit  into  sockets  or  hangers 
screwed    to   the    side   of   the   sub- 
Jambs  or  to  blocks  set  against  the 
pulley-siiles.    They     have     sockets 
very  much  like  those  used  for  cloth 
shades,   and  can  be  put  up   on  the 
top-beads,  on  the  jamb-casings  or 
on  the  face  of  the  casings.    Many 
of  the  improved  types  of  modem 
Venetian    blinds    are    raised    and 
lowered   by    means    of   bands    of    aluminum-bronze   concealed    behind    the 
supporting    ladder-tapes  -and    coiled    upon    an    operating- roller    overhead. 
This    is   controlled   by  a   light    strap  or  cord   at  the  side,    in   a  manner 
which   permits   the   blind  to  be   raised,   lowered,  or   stopped   at  any  desired 
point,  by  a  mere  movement  of  the  hand,  no  cleats  or  other  fastenings  being 
required. 

In  the  best  modern  types  the  old-fashioned  method  of  operating  with 
cords  and  pulleys  is  abolished.    The  blind  always  hangs  upon  a  true  level 
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and  cannot  be  made  to  hang  awry  or  be  forced  by  any  means  into  an  uneven 

position.  The  slats  can  be  opened  or  closed  or  held  at  any  angle  by  a 
simple  device.  It  is  bung  upon  steel  brackels,  bronze-plated,  and  all  the 
working  parts  are  of  the  most  durable  construction. 


Pig.  477-      Venetian  -  Blind    Fif.    4?«-      Venelian- 
Pocktt,     Roller.  BImd.    tlanglng-De. 


Figs.  476,  477  and  478  show  details  at  window-heads  and  sections  through 
upper  part  of  Venetian  blinds,  the  first  two  illustrations  showing  pockets. 
In  residences  where  there  are  subjambs  it  is  well  to  form  an  open  pocket 
behind  the  head-casing,  so  thai  the  rocking-bar  will  be  concealed  and  the 
blinds  less  exposed  when  drawn  up.  In  other  buildings  this  is  not  essential. 
The  width,  IV,  varies  with  different  makes  of  blinds.  3  inches  being  usually 
sufficient  for  2-inch  slats,  although  a.  space  of  4^  inches  is  much  better,  as 
a  narrower  space  is  apt  to  wear  the  tapes.  In  frame  buildings  and  in 
9-inch  brick  walls  the  method  shown  in  Fig.  478  is  believed  by  the  author 
to  be  the  neatest,  unless  a  pocket  is  desired.  By  this  method  a  block  B, 
about  H  of  an  inch  (hick,  is  screwed  to  the  face  of  the  pulley-stile  next 
to  the  inner  sash,  and  the  stop-beads  are  cut  against  it.  If  the  distance 
from  the  sash  to  the  edge  of  the  pulley-stile  is  less  than  that  shown  in  the 
drawing,  the  block  may  be  allowed  to  project,  as  shown  by  the  dotted  lines, 
the  blind  hanging  free  like  a  cloth  shade;  it  is  not  necessary  for  it  to 
come  between  the  stop-beads.  In  Figs.  476  and  478  the  dimensions  of  the 
Wilier  Venetian  Blinds*  with  2-inch  slats  are  given,  and  at  R  the  position 
of  the  rocking-bar  is  shown.     Fig,  477  shows  the  roller  of  the  Wilson  blinds. 

Besides  the  types  mentioned  there  are  sliding  Venetian  blinds,  in  which 
the  slats  run  up  and  down  in  grooved  runways  attached  to  the  Jamb-casings. 
This  prevents  disturbance  by  the  wind  when  the  sashes  are  opened.  There 
is  also  a  type  in  which  the  blind  is  balanced  by  weights,  its  action  in  other 
particulars  being  practically  the  same   as  that  of  the  common  types. 

There  are  various  forms  of  Venetian  blind  and  awning  combined.  Fig. 
479  shows  an  improved  type  of  awning  Venetian  blind  t  with  an  arrange- 
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ment  for  inside  operalion.  The  wood  stats  can  be  turned  it  any  angle  and 
slide  in  grooves  either  vertically  or  in  the  slanting,  extension  frame.  The 
blind  is  shown  partly  raised.    The  side  slats  may  be  omitted. 

280.  SELECTION  OF  INSIDE  BLINDS.  When  making  a 
choice  of  inside  blinds  for  a  given  building  the  special  advantages 
of  the  different  kinds  and  their  adaptability  to  the  depth  of  the 
window  and  the  character  of  the  room  should  be  carefully  consid- 
ered, and  also  the  preference  of  the  owner.  For  controlling  the 
admission  of  light  and  air,  there  does  not  seem  to  be  much  choice 
between  the  sliding  blind  with  movable  slats  and  the  Venetian 
blind,  both  of  which  are  superior  in  these  respects  to  shutters. 
On  the  other  hand  shutters  afford  a  better  protection  from  cold, 
and  with  thick  walls  they  are  susceptible  of  a  neater  arrangement 
of  the  finish  and  in  dwellings,  particularly,  the  appearance  of  the 
window  from  the  inside  is  a  very  important  consideration. 

281.  COMPARATIVE  COST  OF  INSIDE  SHUTTERS 
AND  BLINDS.  In  regard  to  the  comparative  cost  of  the  differ- 
ent types  of  blinds  for  a  window  of  average  size,  any  schedule  of 
prices  would  be  misleading  owing  to  the  fact  that  there  are  so 
many  grades  of  workmanship  and  finish  and  also  on  account  of 
the  uncertainty  as  to  whether  the  prices  given  by  different  manu- 
facturers are  all  for  the  same  grade  and  kind  of  finish. 

8.     BASES  AND  WAINSCOTING. 

282.  BASE-BOARDS,  EASES,  MOP-BOARDS  AND 
SKIRTINGS.  In  this  country  the  board  usually  placed  around 
the  walls  of  rooms  just  above  the 

floor  is  more  commonly  designated 
as  the  "base,"  although  the  English 
term  "skirting"  is  used  in  some  lo- 
calities. When  the  base  is  not  more 
than  8  inches  wide  it  is  generally 
made  of  a  single  board  with  the  up- 
per edge  molded,  as  at  a,  detail  L, 
Fig,  395.  When  the  height  of  the 
skirting,  including  the  molding,  is 
more  than  8  inches  it  is  better  con- 
struction to  have  the  molding  stuck 
from  a  separate  piece,  as  shown  at 
&.  Fig-  395.  3"*^  rebated  to  fit  over 
the  top  of  the  base.  Bases  10  inches 
wide,  however,  are  often  made  in  one 
piece,  as  in  Fig.  480.  When  the  skirt- 
ing is  in  more  than  one  piece,  the  wide  FiB.  480.    D«p  E 
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part  is  called  the  "base"  and  the  top  member  the  "base-molding." 
Quite  often  the  skirting  is  made  18  or  20  inches  wide  so  as  to  form  a 
sort  of  wainscot.  In  such  cases  it  should  be  made  in  three  parts, 
as  shown  in  Fig.  481,  the  top  member 
or  surbase  intersecting  with  or  being 
coped  to  the  window-stool  and  apron, 
if  they  are  the  same  height  from  the 
floor.  The  dado  may  be  placed 
either  between  the  grounds,  as  at  A, 
or  outside  of  the  plaster,  as  at  B.  For 
fine  hardwood  finish  the  construction 
shown  at  B  is  believed  to  be  the  best, 
the  dado  being  built  up  with  a  pine 
backing  keyed  on  the  back  and  ve- 
neered with  the  finish-wood  on  the 
front  or  face.  It  should  be  attached 
to  the  grounds  only  at  the  top,  so  that 
it  may  shrink  or  swell  without  crack- 
ing. It  is  a  dangerous  proceeding  to 
fasten  a  wide  board  both  at  the  top 
and  bottom.  If  the  finish  is  to  be 
painted,  so  that  the  nail-holes  may  be 
concealed,  the  dado  may  he  nailed 
through  the  center  to  the  studding  or 
furring.  The  molding  at  the  top  and 
bottom  will  hold  the  edges  in  po- 
sition. 
''*■■""■    wS'n^^r- ''""^  There    are   two   methods    of   put- 

ting on  the  base :  the  first  is  to 
put  on  the  base  before  the  overfloor  or  finished  floor  is  laid,  so  that, 
the  bottom  of  the  base  being  >^  an  inch  below  the  top  of  the 
overfloor,  if  any  shrinkage  takes  place  it  will  not  leave  an  open 
joint  at  the  angle.  Another  method  is  to  keep  the  bottom  of  the 
base  about  >i  an  inch  above  the  top  of  the  overfloor  and  to 
place  a  quarter-round-  or  other  molding  in  the  angle,  as  shown  at  b. 
Fig.  481.  This  molding,  or  "carpet- strip"  as  it  is  called,  should 
be  nailed  to  the  floor  and  not  to  the  base,  in  order  that  the  base 
may  shrink  or  the  floor  settle,  in  the  shrinkage  of  the  floor  timbers, 
without  raising  the  molding  or  splitting  the  base.  When  there  is 
only  a  single  floor,  it  is  necessary  to  use  the  "carpet -strip,"  as  the 
flooring  cannot  well  be  laid  against  the  base.  Where  there  is  a 
double  floor  the  former  method  is  probably  the  best,  although 
the  carpet-strip  is  often  used,  especially  in  the  West. 

A  still  better  method  of  construction  is  that  shown  in  Ftg.  480, 
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where  a  subbase  is  used.  This  method  allows  the  subbase  to  be 
put  down  perfectly  straight  and  thus  form  a  guide  for  the  base. 
To  avoid  splitting  in  case  the  wood  shrinks,  the  base  should  be 
nailed  only  at  the  top. 

Every  room  and  closet,  unless  wainscoted,  should  have  a  base 
of  some  sort. 

Sections  tn  to  p,  Fig.  486,  show  various  types  of  skirtings  or 
bases.  Section  ^  is  a  poor  construction,  because  it  allows  the  parts 
to  separate  with  any  settling  of  the  floor.  Section  o,  also,  is  a 
poor  construction.  Section  n  is  an  improvement  over  p  and  o. 
Section  m  shows  an  excellent  construction  suggested  by  Professor 
C.  A.  Martin.*  A  wide  ground  is  put  down  next  the  underfloor 
and  the  adjoining  piece  of  the  base  is  toe-nailed  to  the  floor.  The 
skirting-piece  above  is  matched  into  the  lower  piece  and  nailed  to 
the  ground.  After  the  overfloor  is  laid,  smoothed  and  filled,  the 
finished  subbase  is  nailed  to  the  floor  and  back  piece.  This  con- 
struction allows  floors  and  subbase  to  settle  without  opening  the 
joints.     See,  also.  Fig.  487,  detail  G. 

283.  DEFINITION,  HEIGHTS,  AND  KINDS  OF  WAIN- 
SCOTING. This  term  is  commonly  used  to  designate  a  wood  or 
marble  lining  or  covering  of  the  inside  walls,  whether  of  paneled 
work  or  of  plain,  matched  boarding.  The  wainscoting  may  be 
made  any  height  that  is  desired,  but  the  commonest  height  for 
living-rooms  is  from  2  feet  8  inches  to  3  feet.  Halls  and  bath- 
rooms are  often  wainscoted  to  a  height  of  4  feet  or  4  feet  6  inches. 
Behind  the  kitchen  or  pantry  sink  the  wainscoting  should  be  at 
least  5  feet  high  to  receive  the  plumbing.  Some  kinds  of  wain- 
scoting are  especially  desirable  in  kitchens,  bath-rooms,  back  stair- 
ways, etc.,  as  a  protection  to  the  walls.  Paneled  wainscoting  is 
usually  considered  as  especially  appropriate  for  front  halls,  li- 
braries and  dining-rooms,  and  in  the  principal  rooms  of  most  public 
buildings. 

284.  PANELED  WAINSCOTING.  This  form  may  be  ar- 
ranged in  almost  innumerable  ways,  but  the  method  of  putting 
together  is  or  always  should  be,  the  same.  It  always  should  be  got 
out  and  put  together  in  the  shop  in  lengths  as  long  as  can  be 
conveniently  handled.  Thus  one  piece  will  extend  from  the  man- 
tel to  the  adjoining  corner  of  the  room,  or  will  fill  the  space  be- 
tween two  doors  or  window-trims.  When  it  is  possible  to  do  so 
these  sections  should  be  rebated  into  the  finish  of  the  doors, 
windows,    etc.,    and    the    angles    should    be    tongued    together. 

*  See  "Details  of  Building  Construction,"  by  C.  A.  Martin.  The  reader  is  referred  for 
numerous  additional  examples  of  exterior  and  interior  details  to  this  excellent  work,  from 
which  some  of  these  details  have  been  redrawn  or  adapted,  by  permission  of  the  author. 
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The  plan,  Fig.  483,  shows  the  way  in  which  this  should  be  done. 
The  wainscoting  is  sometimes  set  outside  the  plaster,  but  often 
the  lathing  and  plastering  are  omitted  back  of  the  wainscoting  or 
the  plastering  is  done  between  the  studs,  so  that  the  wainscot  shall 
not  have  so  great  a  projection.  iTthe  wainscot  is  set  outside  of  the 
plaster  the  cap  will  project  two  or  three  inches  and  necessitate  a 
very  heavy  door  and  window-finish.  On  outside  walls,  however, 
whether  of  brick. or  frame,  the  plastering  should  always  be  carried 
to  the  floor  behind  the  wainscoting.  On  brick  walls  the  plastering 
may  be  applied  between  the  furring-strips,  and  on  frame  walls 
cleats  may  be  nailed  to  the  sides  of  the  studding  so  that  the  plaster 
will  be  flush  with  the  face  of  the  studs ;  this,  however,  involves  some 
additional  expense. 


lis 
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In  the  section  and  plan  shown  in  Figs.  482  and  483  the  plastering 
is  stopped  by  a  ground  placed  just  back  of  the  cap.  As  the  wain- 
scoting is  glued  together  and  often  varnished  before  it  is  set  up,  it 
is  impossible  to  bend  it  to  fit  any  irregularities  in  the  'walls,  and 
hence  it  is  usual  to  leave  a  space  of  ^  of  an  inch  between  the  back 
of  the  paneling  and  the  plaster  or  studding.  The  wainscoting 
should  be  fastened  in  place  by  screws  put  in  from  the  top  and  be- 
neath the  floor-line  or  behind  the  carpet-strip.  At  the  top  should 
be  a  small,  loose  molding  that  can  be  put  on  after  the  paneling  is 
fixed  in  place  and  "scribed"  to  the  wall.  The  usual  thickness  of 
the  stiles  and  rails  is  i}i  inches. 

Fig.  482  shows  a  vertical  section  and  part  of  the  elevation  of 
wainscoting,  4  feet  6  inches  high,  set  against  studding.  Tliis  par- 
ticular wainscot  has  a  neck  and  a  base  15  inches  high. 

If  the  wall  above  the  wainscot  is  to  be  covered  with  silk  or  tap- 
estry a  pine  slat  from  }i  to  }i  oi  an  inch  thick  is  nailed  to  the 
plaster,  as  shown  at  detail  A,  Fig.  482,  for  the  attachment  of  the 
silk. 

285.  DETAILS  OF  WAINSCOT-PANELlJJG.  The  ordi- 
nary joiner's  method  of  making  paneling  is  shown  at  A,  Fig.  484. 
A  groove  is  worked  in  the  stile,  and  the  molding  nailed  to  both 
the  stile  and  the  panel.  If  the  nail  is  driven  as  at  Y,  neither  the 
panel  nor  the  molding  can  move  when  shrinkage  takes  place;  con- 
sequently the  panel  cracks.  If  the  nail  is  driven  into  the  panel 
and  not  into  the  stile  the  shrinkage  of  the  panel  causes  an  opening 
to  appear  between  the  stile  and  the  molding,  unless  the  molding  is 
"raised"  and  rebated  over  the  stile.  Consequently  the  paneling 
should  be  fastened  as  shown  at  5.  In  this  construction  if  the  nail 
goes  through  the  molding  into  the  stile  and  rail,  without  pene- 
trating the  panel,  the  panel  is  loose  and  can  shrink  without  dam- 
age. If  glue  is  used  to  hold  the  molding,  however,  this  method 
becomes  as  bad  as  the  first. 

Fig.  485  shows  the  cabinet-maker's  method,  by  which  an  almost 
perfect  piece  of  work  may  be  secured.  In  this  method  a  rebate  is 
first  cut  in  the  rail  on  the  finish-side.  In  this  the  molding  is  glued 
solidly  so  that  it  becomes  practically  a  part  of  the  rail.  When  the 
glue  is  dry  the  "varnished"  panel  is  set  from  the  back  and  held 
in  place  by  strips  iiailed  to  the  rail.  This  leaves  the  panel  loose 
and  free  to  move  should  shrinkage  take  place.  All  first-class  wain- 
scoting should  be  built  in  this  way. 

In  very  fine  cabinet-work  the  panel-frame  would  be  veneered,  as 
shown  in  Fig.  485,  where  F  represents  the  mahogany  or  other 
choice  wood  veneer,  D  oak  veneer,  E  the  core,  which  may  be  of 
ash,  pine  or  chestnut,  and  C  and  G  oak  veneers  of  the  same  thick- 
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ness  as  the  veneers  F  and  D,  but  with  the  grain  of  the  wood  run- 
ning at  right-angles  to  that  of  the  core  and  the  outer  veneers. 
The  core  itself  is  also  built  up  of  ^-inch  strips,  glued  together. 


A         B 

Fig.  484-     Dtnili,  of   WaloKot-Pm-  Fi^   485-     Wain«cot- 

The  veneers  used  in  this  class  of  work  do  not,  as  a  rule,  exceed  Ji 
of  an  inch  in  thickness. 

Fig.  486  shows  two  other  examples  qf  paneled  wainscoting,  one 
of  matched  wainscoting,  ten  styles  of  wainscot-paneling  and  four 
of  skirtings  or  bases.  In  the  first  example  of  paneled  wainscoting 
the  cap  is  returned  on  itself  against  the  door-casing.  In  the  second 
example  it  is  carried  around  the  door-trim  on  the  casing  as  shown 
also  in  Fig.  487.  in  the  two  middle  drawings,  c  and  d.  Sections  a  to 
/,  Fig.  486,  show  various  types  of  panels  suitable  for  wainscots, 
doors,  or  other  similar  interior  finish.  The  details  vary  from  simple 
to  elaborate  forms,  some  being  for  flush,  plain  panels  and  some  for 
raised  moldings  and  beveled  panels.  The  moldings  should  never  be 
nailed  to  the  panels,  although  they  frequently  are  so  nailed  in  poor 
work,  especially  when  detail  c  is  used.  In  a,  b,  h  and  k  the  mold- 
ings are  run  solid  on  the  panel-frames.  When  panels  are  more 
than  12  inches  wide  they  should  be  veneered  in  three  thicknesses. 
Sections  m  to  p  show  examples  of  skirtings  or  bases.  See  Art 
282.)  The  first  drawing  of  Fig.  486  shows  a  matched  wainscot. 
(See,  also.  Art.  286.) 
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Fig.  486.     Wainicota,   Psnclirfg   and   Skirling!   or   Buei. 
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Fig,  488  shows  two  examples  of  wainscot-caps  often  used  in 
dining-rooms.     The  grooves  cut  into  the  upper  surface  are  for  the 
purpose  of  holding  plates,  plaques,  etc.     The  construction  shown  at 
a  is  the  better  one.     Its  upper 
part  is  made  of  four  pieces  of 
wood  glued  together  before  the 
moldings  are  cut. 

Fig.  489  shows  various  de- 
tails of  joints  for  angles  of 
wainscoting  and  similar  in- 
terior finish. 

Figs.  490  to  499  *  show  sec- 
tions and  various  arrange- 
ments of  paneled  wainscoting 
in  connection  with  doors,  win- 
dows, fireplaces  and  staircases.  Fig.  490  shows  vertical  cross-sec- 
tions through  rails  and  panels  which  are  fitted  together  with  tenons 
and  grooves.  The  measurements  are  given  and  the  adjustment  of 
the  3-inch  extra  floor-strip  outside  the  base-board  is  shown.  The 
cap-rail  or  plate-rail  may  be  put  on  with  or  without  brackets.  If 
brackets  are  used  the  small  corner-mold  is  fitted  in  between  them. 
The  wainscots  shown  in  these  illustrations  are  made  in  sections  in  the 
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simple  uiimolded-panel  "craftsman"  design,  by  the  company  named, 
and  shipped  "knocked  down,"  ready  to  be  put  in  place  by  the  car- 
penter. They  are  made  on  the  "unit  system"  to  suit  various  widths 
and  in  heights  of  from  2  to  6  feet.  The  wood  used  is  quartered 
white  oak,  built  up  of  three-ply  stock,  cross-banded.  As  the  rails 
are  grooved  to  engage  the  edges  of  the  panels  and  stiles,  it  is  pos- 
sible to  get  the  size  of  panel  wanted  and  to  adjust  the  sizes  to  fit 
around  doors,  windows,  mantels,  etc. 


•  CaarUty  of  The  I 


r  Ilatdwood  Company,  Jackson  City,  Tenn. 
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Fig.  491  shows  the  use  of  the  s-foot  paneling  under  a  double 
window ;  Fig.  492  the  wainscot  filled  around  door  and  window, 
the  3- foot  height  being  used  below  the  window;  Fig.  493  a  3-foot 
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Fig.  490-     "CcafUman"  Pan 


wainscot  around  doors  and  windows,  with  the  panels  placed  hori- 
zontally under  the  latter;  Fig.  494  a  6-foot  wainscot  following  the 
slant  of  a  flight  of  steps  by  having  the  base-board  fitted  to  the 
steps ;  Fig.  495  a  double-paneled  wainscot  adjoining  a  fireplace ; 
Fig.  496  the  adjustment  of  a  high  wainscot  to  a  door  flanked  by 
two  small,  high  casement-windows ;  Fig.  497  a  two-paneled  wain- 
scot with  plate-rail  and  brackets;  Fig.  4^  a  wide-paneled  z-foot 
wainscot  with  a  door  that  has  five  horizontal  panels;  and  Fig.  499 
a  perspective  of  wainscot  following  runs  and  landings  of  a  stair- 
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PaiictcJ   WainKiit  Along   Steps  and  Ijndine 


[.  495.     Paneled  Wainscot  Around   I'iceplace. 


Fig.  496.     rinded  WainKot  Willi   Door  and  High  \ 
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286.  MATCHED  WAINSCOTING.  In  kitchens,  back  halls, 
stores,  school-rooms,  etc.,  the  walls  are  often  wainscoted  or 
"ceiled"  with  matched  boards,  which  are  generally  beaded  on  the 
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Fig.  497.     Paneled  Wflinwoi  with  Prale-Rail  and  Brackeli. 

edge  and   sometimes   in   the  middle.     For  good  work  this  "ceil- 
ing," *  as  it  is  called,  should  be  worked  out  of  4-inch  or  3-inch 
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Fig.   498.     Wide-Paneled   Two-Foot  Wainscot. 

boards,  and  should  show  about  3%   inches  or  zj^  inches  on  the 
face.    The  ceiling  is  blind-nailed  in  the  same  way  as  matched  floor- 
ing.    It  is  put  up  one  piece  at  a  time,  and  generally  extends  to 
*  In  some  of  the  Eastern  States  it  is  called  "ahcBtlung," 
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the  floor,  without  a  base.  The  cap-molding  is  often  rebated  to  fit 
over  the  fop  of  the  ceiling.  When  the  walls  are  to  be  ceiled  in  this 
way,  grounds  must  be  put  on  the  studding,  if  the  ceiling  is  to  be 
set  outside  the  plaster,  in  order  to  receive  the  nails.  If  the  ceiling 
is  set  flush  with  the  plaster,  bridging  must  be  cut  in  between  the 
studs  for  the  same  purpose. 

Fig.  487  shows  matched  and  tile  wainscots  in  connection  with 


Fig,   49«.     Paneled   Wains. 


nd    Landing!. 


door  and  window-casings.  Drawing  a  shows  the  wainscot-cap 
finishing  against  the  window-casing.  The  sections  A,  B  and  C 
give  details  of  the  construction  of  the  casing  above  the  cap,  the 
cap  itself  and  the  casing  below  the  cap  respectively.  Drawing  c 
shows  another  style  of  matched,  "battened"  wainscoting,  the  cap 
of  which  is  mitered  around  the  upper  part  of  the  window-trim  as 
a  back-band.  Details  D,  E,  F  and  G  show  the  construction. 
Drawings  b  and  d  show  tile  wainscots.  The  one  in  b  has  either  a 
wood  or  a  tile  cap  which  finishes  against  the  casings  of  doors  and 
windows;  that  in  d  has  a  wood  cap  mitering  around  the  openings 
on  the  trim.     Sections  H,  I  and  K  show  the  detailed  construction 
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of  wainscot,  casing  and  cap.  See,  also  Fig.  486  for  an  example  of 
matched  wainscoting,  which  runs  across  and  under  a  window ;  the 
wainscot-cap  is  a  continuation  of  the  window-stool  and  the  casings 
finish  on  the  cap  or  stool. 

When  a  finer  appearance  is  desired  than  beaded  wainscoting  pre- 
sents,  and  paneled   work  cannot  be  afforded,   molded  ceiling  or 


FiE.  soc.     Molded  WairiKOI. 

sheathing  may  be  used.     The  ceiling  can  be  molded  to  any  pattern 

and,  if  desired,  the  alternate  pieces  may  be  of  a  different  pattern. 
Fig,  500  shows  a  section  of  a  molded  wainscot  and  also  one  with 
two  patterns  alternating;  the  latter  arrangement  may  be  so  de- 
signed as  to  resemble  paneling.  When  such  wainscoting  is  used 
with  a  base-molding  it  will  not  do  simply  to  nail  the  base  against 
the  wainscoting,  as  this  would  leave  spaces  between  the  base  and 
the  sunk  portions  of  the  molded  ceiling  and  these  spaces  present  a 
bad  appearance  and  soon  fill  up  with  dirt.     The  proper  construe- 
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tion  is  to  stop  the  ceiling  on  a  beveled  board  about  ^  of  an  inch 
thicker  than  the  ceiling  and  set  about  J4  an  inch  above  the  top 
of  the  base,  as  shown  in  the  section.  Above 
the  cap-molding  it  is  good  practice  to  place 
a  small  molding  that  may  be  fitted  to  any 
irregularities  in  the  plastering. 

Fig.  501  shows  a  method  of  stopping  a 
wainscoting,  such  as  is  shown  in  Fig.  500, 
at  door-openings  where  only  a  thin  casing 
is  used.  In  dwellings  it  is  better  practice 
to  make  the  projection  of  the  trim  sufficient 
to  stop  the  moldings  of  the  wainscot,  as  in 
Fig.  483,  but  in  large  buildings  of  a  semi- 
public  character  the  small  pilaster  has  a  fairly 
good  appearance  and  is  much  cheaper.  (See, 
also.  Art.  285.) 


%of^^i  w^'m^o.  c„      9.     WOODEN    CORNICES,   BUILT-UP 
Thin  c^ing.  BEAMS  AND  COLUMNS. 

287.  WOODEN  CORNICES.  Wooden  cornices  are  often  used 
in  the  principal  rooms  of  dwellings.  If  tliey  are  uncarved  they  cost 
about  the  same  as  plaster  cornices.     They  should  be  put  tip  after 


the  plastering  is  thoroughly  dry.  In  the  best  class  of  work  they 
are  glued  together  in  long  sections  before  putting  up,  and  stiffened 
where  necessary  by  pine  blocks  glued  to  the  back.  To  make  a  good 
job,  grounds  should  be  put  on  the  walls  and  ceiling  before  plaster- 
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ing,  at  the  proper  place  for  nailing  the  upper  and  lower  members. 
When  the  cornice  is  glued  together  before  putting  up,  the  molding 
next  the  ceiling  should  be  left  loose  to  be  nailed  on  after  the  cornice 
is  set  in  place. 

Figs.  502  and  503  show  two  different  styles  of  cornices.  In  the 
former  the  picture-molding  is  placed  close  under  the  cornice,  of 
which  it  a[)parently  forms  a  part.  Attention  is  called,  in  Fig.  503, 
to  the  way  in  which  the  dentils  are  made.  Instead  of  each  being 
a  separate  piece,  the  dentils  all  form  a  part  of  the  piece  marked  a; 
the  space  between  them  is  cut  out.  This  prevents  the  dentils  from 
dropping  off,     (See,  also,  Arts.  288  and  289.) 

288.     BUILT-UP  WOODEN  CEILING-BEAMS.    The  beams 


seen  on  the  ceilings  of  dwellings  are  not  usually  solid,  as  they  ap- 
pear, but  are  mere  shells  of  thin  stuff  tongued  and  grooved  to- 
gether. Around  the  room  is  usually  placed  a  half  beam  or  cornice 
into  which  the  principal  beams  are  framed,  and  the  smaller  beams 
are  in  turn  framed  into  the  principal,  as  shown  in  Fig.  504.  The 
side  member  of  the  small  beams  is  usually,  although  not  always, 
continued  on  the  side  of  the  larger  beams.  When  made  by  cabinet- 
makers the  entire  ceiling  is  often  put  together  on  the  floor  and  raised 
into  position  against  the  plaster  ceiling,  where  it  is  fastened.  When 
put  up  by  joiners  most  of  the  work  is  built  in  place,  the  beams 
themselves  usually  being  glued  together  in  lengths  at  the  shop  and 
put  up  separately.  Whichever  way  they  are  put  up,  the  architect 
should  require  that  grounds  be  put  on  the  ceiling  for  securing  the 
beams,  as  shown  in  Fig.  504,  and  for  nailing  the  panel-mokl. 

As  the  beams  are  hollow  some  method  of  strengthening  them  at 
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Fig.  ^o^.     Detail  of  Paneling  on 
Under   Side  of  Beams. 


the  intersections  is  needed.  Cabinet-makers  usually  set  in  a  pine 
block  the  full  depth  of  the  beam  inside  and  of  sufficient  length  to 
be  strong  enough  when  mortised  out  to  receive  the  end  of  the  beam 
tenoned  into  it.  The  end  of  this  latter  beam  is  also  strengthened 
by  a  similar  block  on  which  the  tenon  is  cut. 

The  outside  or  show-wood  should  be  mitered  where  the  joint  is 
made.     In  addition  to  the  blocks  placed  at  the  points  of  intersection, 

others  should  be  placed  at  intervals  of 
about  2  feet  to  give  stiffness  to  the 
whole  structure.  The  molding  sur- 
rounding the  panels  between  the  beams 
and  that  below  the  wall-beams  should 
be  left  loose,  and  set  after  the  beams 
are  in  place.  The  panels  may  be  of 
plaster  or  wood.  If  of  the  latter  they 
should  be  put  together  and  finished  in 
the  shop,  raised  to  position  after  the 
beams  are  up  and  the  loose  molding 
then  nailed  in  place. 

When  the  bottoms  of  the  beams  are 
paneled,  as  in  Fig.  504,  pieces  should  be  put  in  at  the  ends  and 
intersections  of  the  beams  to  form  the  end  of  the  panels,  as  shown 
in  Fig.  505,  which  represents  a  plan  of  the  intersection  of  the 
smaller  beams. 

Sometimes  the  finished  beams  enclose  solid  beams  which  form  a 
part  of  the  floor-construction,  in  which  case  it  is  generally  necessary 
to  build  the  beams  in  place.  The  results  are  usually  better,  how- 
ever, when  the  ceiling-beams  are  put  together  in  the  shop.  (See, 
also.  Arts.  287  and  289.) 

289-  INTERIOR  WOODEN  COLUMNS  AND  ENTABLA- 
TURES. Fig.  506  *  shows  how  the  column  and  entablature  of  one 
of  the  classic  orders  should  be  put  together.  An  octagonal  column 
is  first  made  by  mitering  and  gluing  together  the  necessary  number 
of  planks  in  such  a  manner  that  the  center  of  the  column  is  hollow. 
If  the  finish-wood  is  very  expensive  the  planks  are  made  thin  and 
are  glued  to  a  backing  of  pine  or  ash  which  is  not  quite  as  well 
seasoned  as  the  show-wood,  and  the  shrinkage  of  the  backing  tends 
to  close  the  joints  in  the  show- wood  more  tightly.  The  angles  of 
the  backing,  or  of  the  solid  planks  if  no  bracing  is  used,  should  be 
splined  together,  as  shown  in  section  B,  After  the  shell  is  glued 
up  it  is  turned  and  fluted  as  if  it  were  a  solid  timber. 

In  fluting  the  shaft,  the  flutes  should  be  so  arranged  that  the  glued 

•This  cut  is  taken,  by  permission,  from  an  article  by  A.  C.  Nye,  on  "Interior  Wood- 
work," published  in   the   ^'American  Architect"  of  October  22,    1892. 
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joint  will  come  a  little  to  one  side  of  the  center  of  the  flutes  and 
not  on  the  arris.  "Practice  has  shown  that  when  the  joint  is  on 
the  arris  the  thin  edges  resulting  are  likely  to  warp  and  open  the 
joint.  With  the  joint  as  shown  there  is  no  feather-edge  and  a  firm 
butt-joint  can  be  made  with  little  possibility  of  its  opening." 


Fit.  sofi-     Interior  Built-Up  Wooden  Column  and  EniibliluTe. 

The  base  is  made  of  octagonal  rings  glued  one  on  top  of  the 
other  until  the  correct  size  is  obtained;  it  is  then  turned  into  shape. 
The  capital  is  so  deeply  carved  in  the  example  shown  that  thick 
pieces  of  wood  are  required  at  the  outset,  but  the  hollow  space  in 
the  center  is  retained.  The  shaft  of  the  column  should  be  rebated 
into  cap  and  base. 
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In  the  construction  of  the  entablature  a  joint  is  made  wherever 
possible,  to  diminish  the  liability  to  shrink.  The  frieze,  being  wide, 
is  veneered  and  by  making  the  conge  at  /}  of  a  separate  piece,  a 
considerable  saving  in  materia!  is  effected.  The  dentils  are  cut  from 
one  long  strip  of  wood  and,  together  with  the  blocks,  or  half-dentils, 
between  them,  form  a  continuous  piece,  which  is  fastened  in  place 
like  any  other  molding.  The  cyma  at  the  top  of  the  cornice  is  cut 
from  a  thick  piece  of  wood,  molded  "on  the  flat"  and  stiffened  by 
blocks  of  wood  glued  to  the  back  at  intervals  of  about  2  feet,  (See, 
also,  Art.  197,  Chapter  IV,  and  Arts.  287  and  288  in  this  chapter.) 

10.    MISCELLANEOUS  INTERIOR  WOODEN  FINISH. 

290.     BLACKBOARDS.     In    school-rooms    fitted    with    black- 
boards the  top  of  the  wainscot  is  usually  fitted  with  a  shelf  to 
receive  the  chalk  and  erasers.     Two  details  of  such  a  shelf  are 
shown  in  Figs.  507  and  508.     Fig,  507  also  shows  the  manner  in 
which   slate  blackboards   should   be   fastened 
walls. 
CHAIR-RAILS.     Often   in   dining- 
and   sometimes  in  halls  that  are  not 
oted,  a  molding  4  or  5  inches  wide  is 
1  around  the  room  at  the  proper  height, 
3  feet  2  inches  to  its  center,  to  receive 
ps  of   chairs.     This  molding  is  called 
-rail.     It  may  be  worked  from  a  single 
or  be  built  up  of  two  or  more  members, 
;  designer  should  always  consider  how 
stop  against  the  door-trim  and  window- 

riCTURE-MOLDINGS.    It  is  now 
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customary  to  specify  that  a  picture- molding  be  put  around  all  rooms 
in  which  pictures  are  likely  to  be  hung,  and  moldings  for  this  pur- 
pose are  carried  in  stock  by  the  larger  lumber-dealers.  The  com- 
mon pattern  is  shown  at  A,  Fig.  509,  In  the  better  class  of  work 
the  picture-molding  is  generally  designed  to  correspond  with  the 


other  finish,  but  should  be  of  a  section  that  the  ordinary  picture- 
hooks  will  fit.  At  B  and  C,  Fig.  509,  two  sections  are  given  as 
su^estions  to  the  draughtsman.  The  molding  should  be  of  the 
same  wood  as  the  standing  finish,  unless  it  is  to  be  made  a  part  of 
the  wall-decoration.     (See,  also.  Art.  287.) 

J'«        293.     ANGLE-BEADS.     When      projecting      angles 
!     have  a  plaster  arris  or  edge  it  is  customary  to  protect 
, !     the  angle  by  a  turned  bead,  with  a  quarter  cut  out  to  fit 
— ^  I     over  the  plaster,   as  shown   in   Fig.   510.     Angle-beads 
are  usually  made  of  the  same  wood  as  the  standing  finish, 
from  1^  to  i}i  inches  in  diameter  and  about  4  feet  6 
inches    long.     Sometimes   flat   moldings,   similar   to  an 
ogee  stop,  are  nailed  on  each  side  of  the  angle.     These 
afford  better  protection   for  the  corner  but  the  turned 
bead  is  generally  used  in  residences.     Angle-beads  can 
hardly  be  considered  an  ornament  to  a  room,  and  the 
A^felcad.   author  much  prefers  the  use  of  ornamental  corner-beads 
which  render  the  angle-bead  unnecessary.     (See  Arts. 
231  and  232,) 

II.     STAIRS. 

294.  METHODS  OF  STAIR-CONSTRUCTION  AND 
NAMES  OF  PARTS.  It  is  not  necessary  for  an  architect  to  be 
able  to  lay  out  the  actual  construction  of  a  flight  of  stairs  or  to  tell 
just  how  the  hand-rail  is  to  be  worked.  He  should,  however,  be 
familiar  with  the  general  methods  of  constructing  stairs,  in  order 
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to  tell  when  they  are  being  properly  built,  and  he  should  also  be 
able  to  so  plan  the  stairs  in  the  buildings  which  he  designs,  that 
they  may  be  not  only  ornamental  but  safe  and  comfortable  as  well. 
He  should  also  be  familiar  with  the  various  terms  used  in  describ- 
ing stairs,  in  order  to  prepare  the  proper  specification.  The  terms 
in  general  use  among  stair-builders  are  as  follows:  The  term 
"staircase"  is  applied  to  the  whole  set  of  stairs,  including  the  "land- 
ings," etc.,  leading  from  one  story  to  another.  If  several  stories  arc 
connected  by  flights  of  stairs  one  above  the  other,  the  whole  series 
of  stairs  is  included  in  the  term.  A  "flight"  of  stairs  is  the  part 
of  a  staircase  from  the  floor  to  a  landing,  or  from  one  landing  to 
another,  or,  if  there  is  no  landing,  from  one  floor  to  the  next.  The 
"rise"  of  a  stair  is  the  height  from  the  top  of  one  step  to  the  top 

of  the  next.  The  "run"  is  the 
horizontal  distance  from  the 
face  of  one  riser  to  the  face  of 
the  next.*  The  "risers"  are 
the  upright  boards,  R,  Fig.  511. 
The  "treads"  are  the  horizontal 
boards  T  which  form  the 
"steps."  The  "nosing"  includes 
the  projection  of  the  treads 
beyond  the  riser,  and  a  small 
molding  or  "cove"  is  placed  in 
the  angle.  The  "carriages" 
are  the  rough  timbers  which 
support  the  treads  and  risers. 
They  are  also  sometimes  called 
"strings"  or  "stringers."  The 
"wall-string"  or  "base"  is  the 
finished  board  placed  against 
the  wall;  it  corresponds  to  the 
base  aroujid  a  room.  The  "out- 
side string"  is  the  finished 
board  on  the  outside  edge  of 
the  stairs.  The  "newel"  is  the 
main  post  where  the  stairs  begin;  it  is  generally  larger  and  more 
highly  ornamented  than  the  other  posts.  "Angle-posts"  are  the  posts 
used  at  the  angles  of  a  staircase  or  well.  "Winders"  are  the  steps 
which  come. in  the  angle  of  a  flight  of  stairs,  as  W  W,  Figs.  515  and 

517. 
295.    LAYING    OUT    OR    PLANNING    STAIRS.    General 


Fig.  511.     Stair-Coostruction  Details. 


"run"  are  often  used  to  designate  the  total  rise  or  run  of  the 


•  The  terms  "rise"  and 
stairs  and  not  of  the  individual  step;  but,  as  they  are  much  more  useful  terms  when 
used  M  here  defined,  they  will  hereinafter  be  used  with  these  meanings. 
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Requirements  and  Details,  In  planning  the  stairs  the  architect 
must  be  governed  to  a  great  extent  by  the  conditions  imposed  by 
the  plan  and  arrangement  of  the  building.  The  first  point  to  be 
considered  is  the  number  of  risers  to  be  used  and  then  the  width 
of  the  treads  and  the  general  arrangement  of  the  stairs. 

The  rise  of  the  stair  should  never  be  greater  than  8  inches,  and 
that  only  in  inferior  stairs.  For  "grand"  staircases  a  rise  of  but 
5%  or  6  inches  is  often  employed,  but  to  the  average  American  this 
height  is  almost,  if  not  quite,  as  tiresome  as  an  8-inch  rise.  For 
ordinary  use  a  rise  of  from  7  to  7^4  inches  makes  a  very  comfort- 
able stair.  In  schools  and  other  buildings  where  the  stairs  are  used 
largely  by  children  the  rise  should  be  about  6  inches.  The  width 
of  the  run  should  be  determined  by  the  height  of  the  rise ;  the  less 
the  rise  the  greater  should  be  the  run,  and  vice  versa.  A  safe  rule 
for  this  proportion  is  to  make  the  sum  of  the  rise  and  run  equal 
to  17  or  17%  inches.*  Thus  a  7-inch  rise  should  have  a  10  or 
loi^inch  run  and  a  7^-inch  rise  a  9%  or  lo-inch  run.  The  actual 
width  of  the  tread  will  of  course  exceed  the  run  by  the  projection 
of  the  nosing,  which  should  be  about  VA  inches.  This  rule  applies 
only  to  steps  with  nosings.  When  there  is  no  nosing,  as  is  com- 
monly the  case  with  stone  steps,  the  tread  should  be  wider,  seldom 
less  than  12  inches. 

The  number  of  risers  that  will  be  required  is  determined  by 
dividing  the  distance  between  the  floor-levels  by  the  rise.  It  is 
seldom  that  the  quotient  ^ill  be  without  a  fraction,  and,  as  the 
risers  should  all  be  of  the  same  height,  it  will  be  necessary  to  vary 
the  assumed  rise  to  conform  to  the  number  of  risers  adopted. 
Thus,  supposing  the  distance  between  the  top  of  the  floors  of  the 
first  and  second  stories  of  a  building  is  10  feet  9  inches  and  we 
wish  to  use  a  rise  of  about  7%  inches.  This  rise  is  contained  in 
10  feet  9  inches  (129  inches)  17^^  times,  so  that  we  must  use 
either  17  or  18  risers.  The  former  would  give  a  rise  of  7^9i7  inches 
and  the  latter  a  rise  of  7%  inches.  The  run  of  the  stair  should  be 
made  either  10  or  10%  inches.  In  figuring  the  stairs  on  the  plan 
the  number  of  risers  only  should  be  given,  leaving  the  stair-builder 
to  work  out  the  rise  from  the  actual  height  taken  from  the  building, 
as  this  is  apt  to  vary  slightly  from  the  height  figured  on  the  plans. 

*  Another  very  good  rule  is  that  the  product  of  the  rise  and  run  shall  not  be  less  than 
70  nor  more  than  75.  Still  another  rule,  given  the  author  by  an  experienced  stair- 
builder,  is  that  the  sum  of  two  risers  and  a  tread  shall  be  not  less  than  24  nor  more  than 
25    inches.     The    following    examples    will   illustrate   the    rules: 

1.  Rise  +  Run  =  17"  to  17}";  or  7I  +  10"  •= 'rl". 

2.  Rise   X   Run  =  70"  to  75";  or,  7^"  X  10"  =  75". 

3.  (Rise  X  2)  +  Run  =  24"  to  25";  or,   (7^  X  2)"  +  lo"  «  25." 
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Besides  the  number  of  risers,  the  run  and  the  width  of  the  stairs 
from  the  wall  to  the  center  of  the  rail  should  also  be  figured.  For 
stairs  of  secondary  importance  the  width  may  be  as  little  as  2  feet 
9  inches,  but  never  less  than  this.  For  the  principal  stairs  in  mod- 
erate-priced dwellings  a  width  of  3  feet  does  very  well,  but  3  feet 
6  inches  is  much  better. 

After  the  number  of  risers  and  the  runs  have  been  determined 
the  stairs  should  be  arranged  so  that  the  requisite  number  of  steps 
may  be  provided  in  the  space  available  for  them.  This  is  often  a 
difficult  problem  and  requires  considerable  experience  in  planning 
for  its  satisfactory  solution. 

296.  DIFFERENT  PLANS  FOR  STAIRS,  i.  ''Straight- 
Run"  Stairs.    The  simplest  and  cheapest  method  of  building  the 
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Fig.  5xa.     Plan   of   Straight-Run   Stairs. 

-JT 


Fig.  513.  Plan  for  Stairs 
tor  Limited  Space.  "Dog- 
Legged'*   Stairs. 


Fig.  514.     Plan  for  Stairs  with  One 
Turn. 


Stairs  is  to  have  a  straight  run,  as  shown  in  plan.  Fig.  512,  the  dotted 
line  showing  the  rail  around  the  landing  on  the  floor  above.  This 
frequently  requires  a  longer  space  than  is  available,  so  that  it  is  often 
necessary,  especially  in  dwellings,  to  turn  the  stairs  either  at  right- 
angles  or  back  on  themeslves  to  get  the  requisite  number  of  steps 
into  the  space  at  hand. 

2.  Stairs  for  Limited  Space.  For  back  stairways  where  the 
space  is  very  limited  the  arrangement  shown  in  Fig.  513  is  generally 
adopted,  as  it  occupies  the  minimum  amount  of  space.  If  the  rise 
does  not  exceed  7^4  inches  this  makes  a  comfortable  stairway,  but 
when  the  rise  is  8  inches  it  becomes  almost  dangerous.  Such  stairs 
are  very  unhandy  for  carrying  up  furniture.  Builders  sometimes 
put  four  winders  in  the  angles,  as  indicated  by  the  dotted  line ;  such 
an  arrangement,  however,  is   really  dangerous,  and  the  architect 
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should  never  use  more  than  three  winders  (two  risers)  in  a  space 
less  than  3  feet  6  inches  square. 

3.  Stairs  with  One  Turn,  Fig.  514  shows  a  very  common  ar- 
rangement both  for  front  and  back  stairs.  When  there  is  sufficient 
space  the  winders  should  be  omitted  and  the  straight  flights  corre- 
spondingly lengthened.  In  cottages,  when  the  front  stairs  are  built 
in  this  way,  a  closet  or  room  often  occupies  the  space  usually  de- 
voted to  the  stair-well.  With  such  a  plan  the  partition  should  be 
set  back  so  that  there  will  be  a  space  of  at  least  2  inches  between 
the  outside  of  the  rail  and  the  partition,  as  shown  in  the  figure. 
If  the  partition  comes  directly  over  the  rail  it  is  impossible  to  make 
a  good  finish  of  the  latter,  and  there  is  also  danger  of  hitting  one's 
head  when  ascending  the  stairs. 

4.  "Open-Newer  Stairs.  Fig.  515  shows  an  improvement  over 
the  stair  shown  in  Fig.  513,  although  of  course  it  occupies  more 
space.  The  arrangement  shown  in  Fig.  515  is  sometimes  termed 
an  *'open-newel"  staircase,  while  the  stairs  in  Fig.  513  are  termed 
"dog-legged.'' 

5.  "Full-Platform"  Stairs.  Fig.  516  shows  a  full-platform  stair, 
the  easiest  that  can  be  designed,  and  if  the  platform  is  made  wide 
and  fitted  with  a  seat,  it  makes  a  very  ornamental  feature.  A  stair- 
case having  a  full  platform  is  also  much  simpler  of  construction, 
that  is,  if  the  landing  can  be  supported  by  partitions,  than  one  with 
winders,  or  even  with  two  platforms,  and  is  also  much  firmer. 

The  various  arrangements  of  stairs  that  may  be  made  for  orna- 
mental effect  in  dwellings  is  almost  unlimited,  but  in  most  cases  they 
are  made  up  of  one  or  more  of  the  arrangements  here  shown. 

6.  "Circular"  or  "GeomctricaV  Stairs.  Previous  to  1850  it  was 
the  fashion  in  this  country  to  build  circular  or  geometrical  stairs, 
such  as  are  shown  in  Figs.  517  and  518,  for  the  principal  staircase  in 
the  better  class  of  houses.  The  latter  plan  is  now  seldom  used,  as  it 
is  an  expensive  stair  to  build  and  not  as  easy  or  effective  as  the 
platform-stair,  shown  in  Fig.  516. 

When  winders  must  be  used  the  objection  to  them  may  be  largely 
overcome  by  using  round  corners,  as  shown  in  Fig.  517.  This 
makes  the  stairs  much  easier  and  also  much  more  convenient  for 
carrying  up  furniture.  When  it  is  necessary  to  use  winders  in 
public  buildings  they  should  wind  around  a  circle  of  such  radius 
that  the  width  of  the  treads  at  the  narrow  end  shall  be  at  least  4 
inches,  exclusive  of  the  nosing. 

7.  Stairs  with  "Balanced*  'or  "Dancing"  Steps.  Although  wind- 
ers are  generally  drawn  as  shown  in  Figs.  513  to  515,  the  stair- 
builder  often  builds  them  as  shown  in  Fig.  520,  converging  not  to  a 
common  center  but  to  different  points.     Two  or  three  steps  on  each 
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side  of  the  winders  are  then  usually  laid  in  a  similar  manner.    This 
is  a  much  easier  stair  than  one  with  ordinary  winders.    The  Eng- 


c 


^•UJ  .J L 


Fig.  515.     Plan    ^  of      Open- 
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Fig.  516.  Partial 
Plan  of  Stairs* 
Showing  Full  Plat- 
form. 
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Fig.  518.     Plan    of    Circular 
or  Geometrical  Stairs. 
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Fig.     519.       Circular     Stairs 
with  ''Balanced"   Stepa. 


Fig.     520.       Stairs     with 
Balanced   Winders. 
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Fig.  521.     Stairs  with  Straight  Runs  and  Platform. 
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lish  term  for  steps  arranged  in  this  way  is  "balanced"  or  "dance" 
steps;  there  does  not  appear  to  be  any  term  for  this  arrangement 
in  common  use  among  American  stair-builders. 

In  geometrical  stairs,  such  as  those  shown  in  Fig.  518,  the  wind- 
ing steps  have  the  same  rise  as  the  others,  but  a  much  narrower 
tread  at  the  inner  end,  the  inclination  of  the  line  of  nosings  of  the 
winders  is  much  steeper  than  that  of  the  other  steps,  and  this  gives 
a  sudden  and  ungraceful  change  to  the  inclination  of  the  hand-rail. 
To  avoid  this  and  also  to  give  some  additional  width  at  the  narrow 
end  of  the  tread  the  steps  are  "balanced,"  as  shown  in  Fig.  519,  each 
riser  converging  to  a  different  point. 

297.  HEAD-ROOM  FOR  STAIRS.  The  most  common  fault 
with  stairs,  particularly  in  dwellings,  is  the  lack  of  sufficient  head- 
room. One  should  never  calculate  on  less  than  6J/2  feet  from  the 
under  side  of  the  floor-opening  to  the  top  of  the  tread  below,  and 
7  or  8  feet  of  head-room  is  much  better.  With  the  ordinary  thick- 
ness of  floors  in  dwellings  the  well-room  should  extend  over  at 
least  12  risers  when  the  rise  exceeds  7j4  inches,  and  13  or  14  risers 
when  it  is  less.  Where  one  flight  is  built  directly  above  another 
the  vertical  distance  between  the  two  should  not  be  less  than  7  feet 
6  inches  in  the  clear,  measured  over  the  face  of  the  riser.  The 
architect  or  draughtsman  cannot  be  too  careful  in  this  particular, 
as  expensive  and  otherwise  well-arranged  stairways  are  often 
greatly  marred  by  cramped  head-room. 

In  planning  the  stairs  for  buildings  of  a  public  nature  the  first 
consideration  should  be  the  comfort  and  safety  of  the  people  using 
them.  Every  ten  or  twelve  steps,  landings  should  be  provided 
which  should  be  as  long  as  the  width  of  the  stair,  and  winders 
should  be  entirely  avoided,  unless  placed  on  a  circle,  as  previously 
described.  The  rise  of  the  stairs  in  public  buildings  should  not 
exceed  7  inches.  All  sudden  alterations  in  the  length  of  flights 
should  be  avoided  and  no  flight  of  less  than  three  risers  should  be 
permitted.  The  use  of  single  or  isolated  steps  in  public  buildings 
is  dangerous  and  is  prohibited  in  most  of  our  large  cities. 

298.  WIDTH  OF  PUBLIC  STAIRS.  The  width  of  the  stairs 
should  be  proportioned  to  the  greatest  number  of  people  that  may 
possibly  have  occasion  to  use  them  at  one  time.  Most  cities  having 
building  codes  regulate  the  width,  rise  and  tread'  of  stairs.  The 
law  regulating  the  construction  of  buildings  in  the  city  of  New  York 
provides  that  "stairways  serving  for  the  exit  of  fifty  people  shall 
be  at  least  4  feet  wide  between  railings,  or  between  walls ;  and  for 
every  additional  fifty  people  to  be  accommodated  6  inches  must  be 
added  to  their  width.  The  width  of  all  stairs  shall  be  measured 
in  the  clear  between  hand-rails. 
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In  no  case  shall  the  risers  of  any  stairs  exceed  yyi  inches  in 
height,  nor  shall  the  trea(l3,  exclusive  of  nosings,  be  less  than  loyi 
inches  wide.  No  circular  or  winding  stairs  for  the  use  of  the 
public  shall  be  permitted." 

In  general  the  stair  shown  in  Fig.  516  is  the  best  for  public  build- 
ings, and  next  to  this  is  the  straight  stair  with  a  platform  between  the 
runs,  as  in  Fig.  521. 

Stairs  should  be  well  lighted,  particularly  at  their  approaches, 
and  in  hotels,  factories  and  other  buildings  of  a  public  nature  a 
skylight  should  be  placed  above  the  stair-well,  both  for  lighting  and 
for  ventilation. 

299.  THE  "BOSTON"  METHOD  OF  STAIR-CONSTRUC- 
TION.  The  foregoing  observations  apply  in  the  main  to  all  stairs, 
whether  of  wood,  metal,  stone  or  brick.  The  construction  of  the 
stairs,  however,  varies  with  the  kind  of  material  used.  As  this 
book  treats  only  of  wood  construction,  only  the  methods  of  con- 
structing wooden  stairs  will  be  described. 

In  the  construction  of  wooden  stairs  two  distinct  methods  are 
employed,  the  advocates  of  each  claiming  that  theirs  is  the  best. 
Each  method  naturally  possesses  some  advantage  over  the  other; 
and  while  in  most  cases  either  method  will  give  satisfactory  results, 
there  are  often  particular  conditions  under  which  one  or  the  other 
is  the  most  efficient.  As  there  are  no  well  recognized  terms  for 
designating  the  different  methods,  it  is  necessary  to  describe  in  the 
specifications  the  particular  manner  in  which  the  stairs  are  to  be 
built. 

By  the  first  method,  which  might  be  designated  as  the  "Boston'*  method, 
as  it  is  the  principal  method  used  in  that  vicinity,  the  carriages  and  other 
supports  for  the  finished  stairs  are  put  up  by  the  stair-builder  before  the 
building  is  lathed,  and  temporary  treads  are  nailed  to  the  carriages  for  the 

convenience  of  the  workmen. 
The  carriages  are  accurately  cut 
from  pine  or  spruce  planks  to  fit 
the  treads  and  risers  and  made 
to  line  perfectly  true,  level  and 
■  ;   ^  square.    As  they  carry  the  weight 

^J^^Tlron.  of  the  stairs  and  the  loads  which 

come    upon    them    the    carriages 

should     be     fastened     in     place 

„.  ^     .     ..        *  r.     .       r     a    ■        securely  and  the  timber  on  which 

Fig.  $22.     Construction  of  Carriage  for  Stairs        -  *       .  ,    ,  *.         «.   . 

Shown  in  Fig.  521.  they  rest   should  be  of  sufticient 

strength  to  carry  the  entire  weight 
of  the  flight  above  it.  For  first-class  work  the  carriages  should  be  spaced 
12  inches  on  centers,  and  in  long  flights  a  false  riser  should  be  spiked  to 
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the  rise  of  the  carriages  every  four  or  five  steps,  as  shown  in  Fig.  533,  the 
step  being  cut  back  to  allow  for  the  thickness  of  the  board. 

When  a  straight  flight  of  stairs,  with  a  platform  like  that  shown  in  Fig. 
521,  is  to  be  built,  it  is  desirable  to  extend  the  platform-posts  to  the  floor- 
timbers  below,  but  if  this  cannot  conveniently  be  done,  and  there  is  no 
partition  under  the  outer  carriage,  the  carriages  may  be  supported  or 
strengthened  at  the  platform  by  pieces  of  flat  iron,  screwed  or  bolted  to 
each  carriage,  as  shown  in  Fig.  522.  Stairs  for  public  buildings,  factories, 
etc.,  however,  should  invariably  have  the  platform-posts  carried  down  to  a 
solid  support. 

After  the  plastering  is  dry,  and  while  the  other  interior  finish  is  being 
put  up,  the  stair-builder  puts  in  place 
the  finished  portions  of  the  stairs 
one  piece  at  a  time.  The  treads  and 
risers  are  all  made  or  "got  out*'  at 
the  shop,  where  the  under  sides  of 
the  treads  are  grooved  to  receive  a 
tongue  worked  on  the  upper  edge  of 
the  riser  and  the  bottom  of  the  riser 
is  grooved  to  receive  a  tongue  on  the 
back  edge  of  the  tread,  as  shown  in 
Fig.  523.  The  risers  are  first  nailed 
to  the  carriages,  commencing  at  the 
top,  and  the  treads  are  then  fitted  into 
the  risers,  and  nailed.  The  wall- 
string  or  base  is  roughly  scribed  to 
the  profile  of  the  stairs  and  the  edge 
cut  away  at  the  back  to  form  a 
tongue,  which  is  then  driven  into  a 
groove  cut  in  the  ends  of  the  treads 
and  risers,  as  shown  in  the  figure. 
The  nosing  is  cut  off  so  as  to  butt 
against    the    base.    This    arrangement 

permits  the  base  to  shrink,  without  opening  the  joint  at  the  intersection. 
Considerable  care  has  to  be  exercised  in  cutting  the  groove  for  the  base  to 
get  it  at  exactly  the  right  distance  from  the  wall-line.  In  this  method  no 
glue  or  blocking  is  used  for  holding  the  treads,  risers  or  strings,  but  all  parts 
are  secured  to  the  rough  work  by  nails. 

The  outer  face  of  the  stair  may  be  finished  as  shown  either  in  Fig.  524  or 
Fig.  525.  The  former  is  called  an  "open  string"  and  the  latter  a  "closed" 
or  "curb-string."  The  open  string  in  this  method  of  construction  is  the 
cheaper. 

In  "open-string^'  stairs  a  plain  board,  cut  to  the  profile  of  the  stairs  and 
mitered  against  the  ends  of  the  risers,  is  first  nailed  to  the  carriage  or 
blocked  out  from  it  so  as  to  cover  the  plaster,  and  the  nosing  is  continued 
across  the  end  of  the  tread  by  means  of  a  solid  molding  worked  to  the  shape 
of  the  nosing  and  mitering  with  it,  as  shown  in  the  detail  drawing,  Fig.  528^ 
the  other  end  of  the  molding  being  returned  on  itself.    Before  this  molding 


Fiff-  533*    Joining  of  Risen,  Treads  and 
Wall-String. 
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is  fastened  in  place  the  balusters  are  dovetailed  into  the  ends  of  the  treads 
as  shown  at  F. 

If  the  stairs  are  to  be  finished  with  a  "closed  string"  the  string  in  this 
method  of  construction  is  made  hollow,  as  shown  in  the  section,  Fig.  s^ 
and  the  inner  part  is  tongued  into  the  treads  and  risers  in  the  same  way 
as  the  wall-string.    The  outer  string  is  then  put  up,  generally  by  being 


Fig.  SJ4.     "Open- Siring"  Stair*. 

nailed  to  fur  ring-blocks,  and  the  top  member  is  next  fastened  in  place  to 
complete  the  string;  the  balusters  are  either  mortised  into  it  or  simply 
cut  on  a  bevel  and  nailed.  As  the  string  must  be  quite  wide  it  is  generally 
paneled  to  prevent  excessive  shrinking.  Fig.  527  shows  another  method  of 
capping  a  curb-string,  which  ihe  author  prefers  to  that  shown  in  Fig.  526. 
The  piece  B  is  cut  between  the  balusters  and  holds  them  in  place. 

Open-string  stairs   are   often   ornamented   by   planting  thin    brackets  of 
wood  on  the  face  of  the  string  before  the  nosing  is  put  on,  as  in  C  and  D, 
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Fig,  524.  They  should  be  mitered  with  the  ends  of  the  risers.  In  very 
:ntal  work  these  brackets  are  usually  carved,  as  shown  in  Fig.  529. 
Stairs  are  sometimes 
finished  as  in  Fig. 
530.  by  paneling  the 
back  and  under  side 
of  the  steps  to  make 
them  appear  solid. 

The  newel  and  an- 
gle-posts, which  are 
generally  built  up 
out  of  thin  stuff,  are 
put  up  before  the 
strings,  and  the  latter 
are  housed  into  them. 
Stair-builders      will 


try  t 


con- 


Fig.  SIS.    "CloMil"  . 


"Curb-String"  Stnifc 


architect 
that  to  secure  a 
strong  stair  it  Is 
necessary  to  build  in 
the  angle-posts  when 
the  carriages  are  up; 
but  it  the  stair- 
builder  thoroughly 
understands  his  work 
the  framework  can 
be  as  solidly  con- 
structed without  the 
posts,  which  .  may 
then  be  put  up  with 
the  other  finish-work  and  thus  escape  being  subjected  to  the  dampness  in- 
variably produced  by  the  wet  plastering.  In  inferior,  pine  stairs  the  posts 
may  be  built  in  with  the  carriages  and  boxed  to  prevent  injury. 

300.  THE  "ENGLISH"  METHOD  OF  STAIR-CONSTRUC- 
TION. In  the  second  method  of  constt^ction,  which  may  be  called 
the  "English"  method,*  the  finished  portion  of  the  stairs  is  all  put 
together  at  the  shop,  carried  bodily  to  the  building  and  set  in  place 
on  the  carriages,  which  are  often  made  as  in  Fig.  531. 

When  built  in  this  way  the  treads  and  risers  are  generally  tongued  to- 
gether as  before  described,  except  that  sometimes  the  molding  under  the 
nosing  is  also  ploughed  into  the  tread,  and  all  glued  together.  See,  also. 
Fig.  537,  sections  a  to  /.  Section  a  shows  glued  and  blocked  treads  and 
risers,  which  are  "ploughed"  into  each  other.  In  the  upper  drawing  the 
molding  is  let  into  the  under  side  of  the  (read  just  back  of  the  nosing. 
Drawings  c  to  f  are  horizontal  sections  through  the  joining  of  risers  with 
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outside  strings  in  an  open-string  stair.  A  simple,  mitered  joint  is  shown  at 
(,-  a  butt-joint  with  string- molding  planted  on,  at  d;  a  butt-joint  with  a 
thin  piece  for  ornament  planted  on  the  string  and  half-mitered  to  the  riser,  ' 


^'f,-  m-     Oulrr-Strin.    Cap 
of  '^doied-Slring"   SUirt 


Pig.    ii6.     Section   on 
.     Line  A-A,  Fig.  JaS-  oimitt. 

at  e;  a  thick  piece  for  heavier, 
carved  ornament  planted  on 
the  string  and  mitered  to  the 

In     this     English     method, 
however,  the  connection  of  the 
treads     and     risers     with     the 
base   (called  in  this  construc- 
tion    the     "  wall -string"),     is 
made  in   an   entirely  different 
manner  from  that  described  in 
the  Boston   method ;   the  pro- 
file of  the  stair,  including  the 
nosing,   is   carefully  traced  on 
string,   which    Is   then   cut 
out    as    at    A,    Fig.    532,    so 
that  the  ends  of  the  treads  and  risers  may  be  "housed"  into  it  at  least  yi 
an  inch  and   then   wedged  and  glued,  as  shown  at   B.    The  treads   and 


Tig.  JIB.     Decor 


r  "Open-String" 
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risers  should  also  be  blocked  and  glued  together,  as  shown  in  Fig.  531, 
The  outer  string  is  then  put  on  and  glued,  and  if  it  is  a  curb  or  close 
string  the  treads  and  risers  are  housed  into  it,  as  into  the  wall-string,  a 
single  string  iH  inches  thick  often 
being  used  in  that  case.    When  this 
method  of  construction  is  used  the 
base   or   wall- string    should   be   at 
least  I'A  inches  thick,  and  it  is  bet- 
ter to  put  a  curb-siring  on  the  out- 
side, and  work  its  inside  face  in  the 
same  way  as  the  wall-string.    For 
the  inferior  stairs  in  dwellings  this 
makes    the    cheapest    construction 
and   if   well   housed,   blocked    and 

glued,     they     will     have     sufficient       Fig.  sjo.    Paneled  "Open-String"  Stain. 
strength     without     carriages     pro- 
vided they  are  not  over  3  feet  wide  and  the  string  on  each  side  is  solidly 
nailed  to  a  partition.    It  is  customary,  however,  to  put  2  by  4-inch  joists 
under  such  stairs  to  help  support  them  and  also  to  receive  the  lathing 
underneath. 

When  the  stairs  are  put  together  in  the  shop  the  only  way  in  which 
they  can  be  accurately  fitted  to  the  carriages  is  by  wedges  driven  from 
below.  This  obviously  cannot  be  done 
after  the  soffit  or  under  side  of  the 
stairs  is  plastered,  so  that  the  plastering, 
if  there  is  any,  must  be  done  after  the 
stairs  are  finished.  This  is  a  very  seri- 
ous objection  to  the  English  method  of 
construction,  as  no  plastering  should 
ever  be  done  in  a  building  after  the  fin- 
ished work  is  in  place,  especially  if  the 
wood  is  to  be  varnished.  If  the  stairs 
are  put  up  without  wedging  they  are 
pretty  sure  to  squeak.  The  author, 
„„    „ „    .        therefore,  in  his  own  practice  makes  it  a 

Fig.  sji.     "Engliili   Helhod"   of    Stair-  ,      .  ■!      ^l      n     ^  .1.    j       t 

Coniiruciion.  ru'e  to  specify  the  Boston  method  of 

construction  for  all  but  inferior,  pine 
stair-cases,  unless  the  stairs  are  to  be 
paneled  underneath,  in  which  case  there  will  be  a  better  result  if  the  English 
method  of  construction  is  used.  Where  plastering  is  necessary  after  the 
woodwork  is  completed,  some  kind  of  pi  aster -board,  should  be  used  for  the 
ground,  and  then  only  a  thin,  white  coat  will  be  required  to  finish  it. 

In  stairs  of  public  buildings,  the  treads,  if  of  wood,  should  be  of  oak, 
longleaf  southern  yellow  (Georgia)  pine  or  Douglas  fir  (Oregon  pine), 
and  never  less  than  ipS  inches  thick.  Treads  ijj  inches  thick  are  often 
used.  When  they  are  more  than  I'A  inches  thick,  however,  it  is  good 
practice  to  groove  them  on  the  under  side  as  in  Fig.  534  in  order  to 
prevent  warping. 
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301.  THE  "PENNSYLVANIA"  METHOD  OF  STAIR- 
CONSTRUCTION.  There  is  still  another  method  of  stair-build- 
ing, much  used  in  Pennsylvania,  which  is  a  combination  of  the  two 
methods  above  described. 

In  this  method  the  carriages  or 
horses  are  cut  to  fit  the  steps,  as 
shown  in  Fig.  533,  and  put  up  to 
line  perfectly.  A  3  by  4  or  3  by  6- 
inch  joist,  called  the  "wall-bearer," 
is  nailed  or  spiked  flat  to  the  wall, 
about  ^  of  an  inch  below  the  back 
edge  of  the  risers.  In  long  flights 
a  false  riser  is  nailed  to  every  fifth 
or  sixth  riser  of  the  carriages,  the 
treads  being  cut  back  for  the  pur- 
pose, and  fastened  securely  to  the 
wall,  with  the  inner  end  thrown  a 
little  higher  than  level.  This  braces 
and  stiffens  the  work  very  much. 
After  the  plaster  is  dry  the  wall- 
string,  which  has  been  previously 
housed  out  for  the  steps  as  in  the 
English  method,  is  set  and  nailed 
to  the  wall.  The  risers  and  treads 
are  then  driven  into  the  wall-string, 
commencing  at  the  bottom,  and 
nailed  to  the  carriages.  Wedges 
are  also  driven  in  and  glued  on  top 
of  the  wall-bearer  to  give  additional 
support   to   the   back  edge  of   the 


Fig.  53a.     Connection   of  "Wall   String"   to 
Treads  and   Risers  in   "English  Method"   of 
Stair-Construction. 


steps,  as  shown  in  Fig. 
534.  The  inside  of  the 
face-string,  if  it  is  a 
curb-string,  is  then 
tongued  into  a  groove 
cut  in  the  treads  and 
risers,  as  in  the  Boston 
method.  This  method 
differs  from  the  Boston 
method  only  in  the  put- 
ting up  of  the  wall- 
bearer  and  string  and  in 
having  wedges  on  top 
of  the  wall-bearer.  In 
this  respect  it  is  prob- 
ably superior  to  the  first 
method  described. 

For  the  finest  grades  of  work  the  material  should  all  be  painted  on  the 


Fig.  533.     Stair-Carriages  and  False  Riser,  Pennsylvania 

Method. 
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back  and  filled  and  shellaced  on  the  (ace  before  being  taken  to  the  building, 
which  should  be  thoroughly  dried  out  beforehand. 

302.  NEWEL-POSTS.  The  stair-posts,  if  made  of  hardwood, 
should  be  built  up  out  of  thin  pieces,  which  are  usually  blocked 
and  glued  at  the  joints  on  the  inside. 
Turned  posts  of  hardwood  are  not 
usually  desirable ;  when  turned  from  a 
solid  stick  they  are  very  apt  to  check 
and,  when  glued  up,  to  open  at  the 
glued  joints.  A  newel,  such  as  shown 
in  Fig.  524,  should  be  built  up  in  the 
same  way  as  the  Corinthian  column 
shown  in  Fig.  506.  Angle-posts 
should  be  extended  below  the  outside 
string  and  should  have  an  ornamental 
drop  at  the  bottom. 

In  the  principal  staircase,  the  archi- 
tect should  provide  for  a  half-post 
where  the  rail  terminates  against  a 
wall;  otherwise  the  stair-builder  will     ^'<s-  su-   "Pennsylvania"    Method 

,,,,.,  ,  .  of  Stait-Const ruction. 

fasten  the  rail  to  a  wooden  or  iron 

plate  screwed  to  the  wall,  and  this  does  not  make  so  neat  a  finish  ' 

as  the  half-post. 

P'6-  537  shows,  in  drawings  g  to  k,  four  different  methods  of 
construction  of  newel-posts,  in  a  to  /,  vertical  sections  through  stair- 


A  3««3«  B  3«i]«  C  3Km  D  iH*sH 

Fig.  5]S.     Sectioni  of  HandRaili. 

treads  and  risers  and  in  /  to  p,  sections  through  five  different  forms  of 
hand-rails.  When  newels  are  built  up  and  square  in  cross-section 
they  are  Jointed  at  the  angles  in  various  ways  with  dowels,  splines, 
tenons,  glued  blocks,  etc.,  as  shown  in  sections  g  to  fe.  Fig,  537. 
303.  HAND-RAILS,  i.  Rails  on  Well-Hole  Side.  The  sec- 
tion of  the  hand-rail  is  more  a  matter  of  taste  than  of  construction 
and  may  be  designed  to  conform  to  the  interior  finish.  As  a  rule, 
however,  the  section  of  the  rail  should  contain  at  least  9  square 
inches,  ^yi  by  3J^  inches  being  a  very  good  size.     Several  good 
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Fig.  536.     Hand-Rail  Screws  or  Joint-Bolts. 


sections  are  drawn  in  Figs.  535  and  537,  to  a  scale  one-fourth  full 

size.    The  section  at  D,  Fig.  535,  is  preferred  by  many  for  public 

buildings,  but  for  resi- 
dences one  of  the  other 
sections  seems  more  pleas- 
ing and  appropriate. 

A  safe  rule  for  the 
height  of  the  rail  is  to 
make  it  about  2  feet  6 
inches  above  the  tread,  on 
a  line  with  the  face  of  the 
riser.  For  grand  stair- 
cases the  height  is  some- 
times reduced  to  2  feet  4 
inches ;  but  for  steep  stairs 
it  should  never  be  less  than 
2     feet     6     inches.    The 

height  of  the  rail  should  also  be  increased  over  winders,  especially 

those  of  steep  pitch. 

On  landings  the  height  of  the  rail  should  be  equal  to  the  height 
of  the  stair-rail  measured  at  the  center  of  the  tread.  The  usual 
height  in  residences  is  from  2  feet  8  inches  to  2  feet  10  inches. 

In  ordinary  stairs  the  rail  is  generally  straight,  and  joins  the  posts 
at  an  oblique  angle,  as  in  Fig.  525.  At  the  angle-posts  the  rails,  if 
made  straight,  will  strike  the  post  at  different  heights  on  its  opposite 
sides,  and  to  overcome  this  the  rail'  is  often  "ramped,"  as  shown 
in  Fig.  524.  The  ramp  is  made  high  enough  to  bring  the  ends  of 
the  rails  to  the  same  level  on  each  side  of  the  post.  The  lower  end 
of  the  rail  is  also  often  finished  with  an  "easing,"  in  English  books 
termed  "knee"  or  "kneeling,"  as  shown  in  the  same  figure.  Ramps 
and  casings  add  much  to  the  appearance  of  a  stair,  but  they  also 
add  to  the  cost,  and  the  stair-builder  cannot  be  expected  to  put  them 
in  unless  they  are  mentioned  in  the  specifications  or  shown  on  the 
stair-drawings. 

2.  Rails  on  Wall-Side.  Stairs  which  may  be  used  by  large  num- 
bers of  people  should  have  a  rail  on  the  wall-side  if  the  stair  is  4 
feet  wide,  and  all  stairs  built  between  partitions  should  have  at 
least  one  wall-rail.  These  rails  are  generally  made  with  a  round 
section  of  about  2j4  inches  diameter,  and  should  be  fixed  to  the 
wall  on  iron  or  bronze  brackets  made  for  the  purpose.  The  ends 
of  the  rails  are  sometimes  left  straight,  but  it  is  better  to  return 
them  against  the  wall. 

All  end- joints  in  rails  and  connections  between  rails  and  posts 
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Fig.  SJ7.     Stair-Treads  and   RIkti.     Newels.     Hand-Raili. 


Soo  BUILDING-CONSTRUCTION.  (Ch.  V) 

should  be  made  by  means  of  joint-bolts  or  hand-rail  screws,  of 
which  three  patterns  are  shown  in  Fig,  536. 

304.  BALUSTERS.  Balusters  are  intended  to  support  the 
hand-rail  and  to  prevent  any  one  from  falling  over  the  ends  of 

the  steps;  they  may  be  made  also 
an  ornamental  feature.  They 
should  be  made  of  some  kind  of 
hardwood  and  may  be  of  almost 
any  size,  although  those  of  1^  to 
if^-inch  diameter  are  most  fre- 
quently used.  They  are  generally 
square  at  the  ends  and  turned  or 
twisted  between.  Twisted  balus- 
ters make  a  very  handsome  railing 
for  residences,  and  were  much  used 
in  colonial  mansions.  They  can 
now  be  turned  by  machinery  at  a 
very  moderate  cost.  Generally  two 
or  three  patterns  of  them  are  asso- 
ciated, as  shown  in  Fig.  538.  In 
open-string  stairs  the  balusters 
should  be  doweled  into  the  treads  at 
the  bottom  and  nailed  or  screwed 
4o  the  under  side  of  the  rail.  If 
Fig.  sjB.    Twisted  Baiuatere.  the  top  of  the  baluster  is  round  it 

should  be  doweled  into  the  rail. 
Usually  two  balusters  are  placed  on  each  step,  one  flush  with  the 
face  of  the  riser  and  the  other  half-way  between  the  risers.  When 
the  run  exceeds  10  inches,  three  balusters  to  the  tread  have  a  much 
belter  appearance  and  in  residences  especially,  three  ij^-inch  balus- 
ters give  a  better  effect  than  two  larger  ones. 

There  are  two  methods  of  arranging  the  turned  portions  of  the 
balusters  in  open-string  stairs.  One  is  to  keep  the  square  base 
the  same  height  on  each  step,  varying  the  height  of  the  turning  as 
shown  at  A,  Fig.  524,  and  also  in  Fig.  538;  the  other  is  to  make 
the  turned  part  of  the  baluster  of  the  same  length  in  each,  varying 
the  height  of  the  square  part  to  conform  to  the  rake  of  the  stairs, 
as  shown  at  B.  With  a  close  string  every  baluster  is  alike,  although 
with  this  style  of  stair  open  panel-work  or  heavy  balusters  and 
arches  are  often  used  instead  of  the  ordinary  balusters. 

305.  GEOMETRICAL-STAIR  CONSTRUCTION.  Geomet- 
rical stairs  have  no  newels  or  angle-posts.  The  flights  are  arranged 
around  a  well-hole  in  the  center,  as  in  the  plan.  Fig.  518.  Each 
step  is  supported  at  one  end  by  the  wall-string,  into  which  it  is 
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housed,  and  at  the  other  partly  by  the  outer  string,  on  which  it  rests, 
partly  by  the  step  below.  The  face-string  is  generally  strength- 
ened by  a  flat,  iron  bar  screwed  to  its  under  side.  The  hand-rail 
is  uninterrupted  in  its  course  from  top  to  bottom.  Fig.  539  shows 
a  sectional  elevation  of  a  geometrical  stair  with  winders. 


Fig.  539.     Sectional  Elevation  of  CeomelHcal  Slaira  with  Winden. 

306,  SAFETY-TREADS.*  These  are  an  ingenious  device 
made  on  a  rolled  foundation  of  steel  or  hard  brass  (delta  metal). 
On  this  base  are  upright  ribs,  the  alternate  pairs  of  which  are  dove- 
tailed or  undercut  to  receive  a  filling  of  lead  or  of  some  such 
abrasive  compound  as  carborundum,  which  is  bound  to  them  by  a 
chemical  cement.  They  are  used  on  stairs,  landings  and  inclined 
ways,  elevator  and  fire-door  thresholds,  around  machinery  or  wher- 
ever accidents  from  slipping  are  possible, 

•  Hade  bjr  the  Ainerican  Maion  Safety  Tread  Companj',   Boston,  Mass. 
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The  treads  if  made  on  drawn-steel  plates,  yi  of  an  inch  thick,  are  in  standard 
widths  of  3  and  I'/j  inches,  ribbed,  with  nosing  or  overhang,  and  of  4  and  6 
inches  flat.  Combinations  of  these  give  any  desired  widths.  The  brass  base 
has  the  same  thickness  and  is  drawn  in  a  3^-inch  width,  with  a  I-inch  nos- 
ing; in  a  sJ^-inch  width,  with  a  short  nosing;  and  in  3, 4  and  6-inch  widths  flat 
The  open  grooves  are  U-shaped.  Fig.  540  represents  a  full-size  cross- 
section  of  a  strip,  z'A  inches  wide,  with  a  short  nosing. 

When  applied  to  wood  stairs  the  safety-treads  are  put  on  in  one  of  the  two 
wajs  shown  in  Fig.  541.  The  lower  step  shows  a  leaden  tread  with  plain 
edge  and  inset  and  the  upper  step  shows  a  carborundum  tread  with  nosing, 
set  on  the  top  surface  of  the  wood  tread. 


The  combination  of  a  hard-metal  base,  to  resist  wear,  with  a  soft  sub- 
stance or  an  abrasive  composition  held  in  place  by  hard-metal  ribs,  results 
in  a  durable  and  non-slipping   surface,  which  is  easily  kept  clean,  wears 


ty  Tread.  ApplLtd  lo  Wood  SUtn. 


evenly,  anfl  is  sanitary  and  fire-proof.  Such  treads  are  in  use  on  many  of 
the  public  buildings,  most  of  the  stairways  of  public-service  corporations 
and  in  tt^usands  of  private  and  semipublic  buildings  throughout  the  United 
Stales.    ' 

For  general  purposes  the  steel  base  is  used.    The  double  cross-hatched  por- 
tions of  the  section  shown  in  Fig.  540  represent  the  filling  of  lead  or  carborun- 
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dum.  For  use  in  places  where  an  especially  fine  appearance  is  desired,  the 
hard-brass  composition  replaces  the  steel.  For  exterior  stone  or  concrete 
work,  a.  galvanized-steel  base  may  be  used. 

When  two  or  more  strips  are  joined,  the  joints  are  invisible,  being  at 
the  bottom  of  the  groove,  and  the  surface  shows  as  a  continuous  plate. 
When  an  odd  width  is  required,  it  should  be  so  arranged  as  to  have  the 
material  cut  through  one  of  the  grooves  and  not  through  the  filled  section. 
For  treads  of  usual  width  the  6-inch  strip  answers  every  purpose;  for  extra 
widths,  7>4  or  8-inch  strips  should  be  used.  A  very  desirable  combination, 
used  largely  in  department-stores,  is  made  of  a  3V^-inch  strip  of  tread  with 
a  nosing  on  the  front  edge  of  each  step,  and  back  of  it  a  4  or  S-inch  "cork 
carpet"    The  step-surface  is  rebated  to  receive  these  pieces. 

The  use  of  nosing  is  optional  on  ordinary  stairs.  It  is  used  more  for 
appearance'  sake  than  for  any  practical  advantage  except  that  of  giving  a 
little  longer  life  to  the  tread  at  the  point  where  the  wear  is  the  greatest 
The  beveling  on  the  edge  of  the  safety-tread  allows  it  to  be  used  either 
on  the  top  of  the  undertread  or  in  a  rebate.  It  is  attached  with  screws,  all 
necessary  holes  for  which  are  punched  and  countersunk  at  the  factory  so 
that  it  is  delivered  ready  to  be  put  in  place.  The  length  of  the  tread  is 
generally  made  6  inches  less  than  the  width  of  the  stairs,  thus  allowing  a 
space  of  3  inches  at  each  end.  The  safety-treads  may  be  made  curved  to 
any  given  radius. 

12.    FIXTURES  AND  FITTINGS.* 

307.  GENERAL  REQUIREMENTS.  In  addition  to  the 
standing  finish,  the  architect  must  usually  provide  for  numerous 
fixtures  and  fittings  for  pantries,  closets,  etc.,  in  dwellings,  and 
for  more  or  less  work  in  connection  with  the  plumbing.  With 
modern  plumbing  little  woodwork  is  required  in  connection  with 
the  fixtures,  but  the  specifications  should  provide  for  putting  up 
finished  cleats  with  molded  edges  for  all  exposed  plumbing-pipes 
and  for  any  other  woodwork  necessary.  For  the  bath-room  many 
architects  also  provide  for  a  short  hook-strip  with  solid-bronze 
clothes-hooks.  If  the  plumbing-pipes  are  run  in  pockets  in  the 
wall  they  should  be  covered  with  a  wide  board  or  with  panel-work 
let  flush  into  rebated  strips  and  secured  by  iron  or  bronze  buttons. 

308.  KITCHEN  SINK.  The  specifications  should  also  state 
how  the  kitchen  sink  is  to  be  fitted  up.  The  best  plumbing  to-day 
requires  no  woodwork.  When  slate  or  soapstone  sinks  are  used 
there  is  usually  no  woodwork  about  them.  Ordinary  iron  sinks 
sometimes  require  a  wooden  frame  to  support  them  and  a  wooden 
cap  to  cover  the  edges.  At  one  or  both  ends  of  the  sink  a  drip- 
board  at  least  18  inches  long  is  often  provided.  The  cap  and 
drip-board  should  be  at  least  i}i  inches  thick  and  the  drip-board 

*  See,  also.  Arts.  38,  29  and  23$  for  the  kinds  of  wood  used. 
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should  be  slightly  inclined  and  grooved  on  top.  The  space  under 
the  sink  is  left  open  and  an  apron,  4  inches  wide,  is  fitted  under  the 
cap  to  cover  the  rough  frame. 

309.  CLOSETS.  I.  Bed-Room  Closets.  All  bed-room  clos- 
ets should  be  fitted  with  strips  and  clothes-hooks,  and  at  least  one 
shelf.  Large  closets  are  often  provided  with  a  case  of  drawers 
with  three  or  four  wide  shelves  above  them. 

2.  Linen-Closets,  Every  large  residence  should  be  provided 
with  a  linen-closet  fitted  with  a  case  of  deep  drawers  and  as  many 
shelves,  16  inches  wide  and  about  as  many  inches  apart  as  there 
may  be  room  for.  It  is  desirable  to  enclose  the  shelves  with  pan- 
eled doors  as  a  protection  from  dust. 

3.  Cedar  Closets.  The  most  complete  residences  are  also  pro- 
vided with  a  cedar  closet,  for  the  reception  of  articles  that  might 
be  injureel  by  moths.  To  be  effective  the  entire  inside  of  the 
closet,  floor,  walls  and  ceiling,  should  be  lined  with  ^  or  ^-inch 
cedar  ceiling,  and  the  inside  of  the  door  should  also  be  ceiled  or 
veneered  with  the  same  wood.  Such  a  closet  is  usually  fitted  with 
one  or  more  cases  of  wide  and  deep  drawers,  with  wide  shelves 
above  enclosed  by  doors.  The  shelves  and  doors  should  be  of 
cedar,  but  where  economy  is  necessary  the  drawers  may  be  of  some 
cheaper  wood  suitable  for  the  purpose,  thinly  lined  with  cedar. 
Drawers  lined  in  this  way  are  sometimes  placed  in  an  ordinary 
closet,  but  as  it  is  the  odor  as  well  as  the  bitter  taste  of  the  cedar 
that  keeps  away  the  moths,  it  is  desirable  that  the  entire  closet  be 
protected  with  it.  The  cedar  which  should  be  used  for  this  pur- 
pose is  the  Florida  or  Alabama  red  cedar.     (See,  also,  Art.  47.) 

Besides  the  above  there  are  often  one  or  more  special  closets 
whose  fittings  should  be  fully  described.  Detail  drawings  are  not 
usually  necessary  for  any  of  these  fittings,  as  they  may  be  de- 
scribed with  sufficient  accuracy  in  the  specifications  to  ensure  sat- 
isfactory construction. 

310.  CHINA-CLOSET  OR  BUTLER'S  PANTRY.  The  ar- 
rangement and  extent  of  the  fittings  for  this  closet  or  room  will, 
of  course,  depend  largely  upon  the  plan  and  the  character  of  the 
house. 

A  reasonably  complete  china-closet  should  have  across  two  sides 
of  the  room  a  counter-shelf  about  :?8  inches  wide  and  2  feet  8  inches 
from  the  floor.  Below  this  shelf  should  be  drawers  to  receive  the 
table-linen,  one  long  one  for  table-cloths  and  shorter  ones  for  nap- 
kins, etc.  One  drawer  should  also  be  divided  for  knives,  forks 
and  spoons.  If  there  is  room,  one  or  two  cupboards  should  also 
be  provided  beneath  the  counter-shelf.  Above  the  wide  shelf 
there  should  be  a  number  of  shelves,  14  inches  wide,  for  china  and 
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glassware.  These  shelves  should  be  enclosed  with  glass  doors, 
sliding  doors  generally  being  considered  the  most  convenient.  A 
well-equipped  butler's  pantry  should  also  be  provided  with  a  small 
sink  for  washing  the  china,  glass  and  silver.     (See,  also,  Art.  316.) 

311.  KITCHEN  PANTRY.  This  room  should  be  fitted  with 
a  counter-shelf  as  long  as  the  space  will  permit,  with  cupboards 
and  at  least  one  case  of  drawers  about  3  feet  long  under  it  and 
open  shelves  above.  A  strip  for  pot-hooks  is  often  provided. 
Provision  should  also  be  made  in  the  pantry  for  flour.  Where 
flour  is  sold  by  the  barrel,  as  is  the  case  in  the  eastern  states,  it  is 
customary  to  construct  a  cupboard  under  the  counter-shelf,  with 
a  door  large  enough  to  admit  the  barrel  and  a  lifting  cover  in  the 
counter-shelf  through  which  the  flour  can  be  reached.  Pivoted 
clamps  or  barrel-swings  are  often  used  for  flour-barrels,  by  means 
of  which  one  can  swing  the  barrel  out  of  the  closet  instead  of 
reaching  for  it  through  a  door  in  the  shelf.  It  is  almost  impossible 
for  a  person  of  average  height  to  reach  the  bottom  of  a  flour- 
barrel  through  a  hole  or  door  in  the  counter-shelf.  Fig.  544  shows 
the  "Perfection"  barrel-swing*  attached  to  a  flour-barrel.  It  will 
swing  a  barrel  containing  400  pounds  of  flour.  There  are  two 
spurs  on  the  inner  edge  of  the  projecting  flange  of  the  swing  which 
prevent  the  fixture  from  slipping  oflf  the  barrel. 

In  many  of  th^  extreme  western  states  flour  and  meal  are  sold 
only  in  cotton  bags  containing  either  25  or  50  pounds,  and  in  those 
states  it  is  customary  to  put  "flour-bins"  under  the  counter-shelf, 
one  for  flour  and  one  for  meal.  These  bins  are  tight  boxes  about 
18  inches  wide,  16  inches  deep  and  2  feet  3  inches  high,  and  are 
pivoted  so  that  the  top  may  be  brought  forward  for  taking  out  the 
meal  or  flour  artd  then  pushed  back  under  the  shelf.  Such  bins 
are  very  convenient,  but  mice  sometimes  find  their  way  into  them, 
and  for  this  reason  many  housekeepers  prefer  to  keep  their  flour  in 
tin  cans  made  especially  for  the  purpose.  If  such  cans  are  to  be 
used,  provision  should  be  made  for  them  in  the  pantry.  (See, 
also,  Arts.  315  and  316  and  Fig.  542.) 

312.  KITCHEN  DRESSER.  In  many  small  houses  there  is 
room  only  for  one  closet,  which  is  made  to  serve  for  both  china- 
closet  and  pantry.  When  this  is  the  case  it  is  desirable  to  have  a 
dresser  in  the  kitchen  in  which  the  kitchen  utensils  may  be  kept, 
and  many  housekeepers  prefer  a  good  dresser  to  a  kitchen  pantry. 
The  dresser  is  usually  made  about  8  feet  high  and  from  5  to  10 
feet  long,  according  to  the  size  of  the  kitchen.  It  should  be  di- 
vided into  an  upper  and  a  lower  section  by  a  counter-shelf  at  least 

*  Patented   and  manufactured  by  the  Lcavitt  Machine  Company,  Orange,  Mass. 
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20  inches  wide.  The  section  below  the  counter-shelf  should  have  a 
place  for  flour  and  two  or  three  drawers,  and  the  remainder  of  the 
space  should  be  finished  off  for  cupboards  for  pots  and  pans  and  en- 
closed    with     paneled 

doors.  Above  the  coun-  n" 

ter-shelf  level  there 
should  be  about  four 
shelves  12  or  14  inches 
wide.  These  shelves 
should  always  be  en- 
closed with  glazed 
doors,  arranged  either 
to  slide  by  each  other 
on  brass  tracks  or  to  be 
hung  with  hinges  at 
the  sides.  The  width 
of  swinging  doors 
should  not  exceed  18 
inches  and  a  width  of 
15  inches  is  about  the 
most  convenient ;  the 
doors  should  be  ar- 
ranged in  pairs.  Slid- 
ing doors  may  be  from 
18  inches  to  2  feet 
wide.  When  the  coun- 
ter-shelf is  narrow  it  is 
a  good  idea  to  arrange 
for  a  drawer-shelf  im- 
mediately under  the 
counter-shelf  which 
may  be  drawn  out 
when  needed.  As  a  dresser  is  really  a  piece  of  furniture,  although 
generally  fixed  in  place,  it  should  be  neatly  made,  with  paneled  doors 
and  ends,  and  finished  on  top  with  a  simple  cornice.  The  wood 
should  be  the  same  as  that  used  in  finishing  the  room. 

To  insure  the  best  arrangement  of  doors,  cupboards,  drawers,  etc.,  for 
the  panlry,  china-doset  or  dresser,  the  architect  should  make  scale  drawings 
that  will  show  the  tittings  at  the  different  sides  of  the  rooms,  with  full-size 
sections  for  any  special  moldings  or  details.  Figs.  54^*  and  543*  show 
kitchen  or  pantry  dressers  with  various  appropriate  details.  The  require- 
ments, and  consequently  the  arrangement  of  parts,  vary  with  the  domestic 
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customs  of  each  household.  The  details  of  planning  and  arrangement  of 
parts  require  a  cotisideralion  of  china,  table-linen,  silver,  cutlery,  kitchen 
utensils,  food-stuffs,  flour-bins,  knead ing-boards,  spaces  for  dining-room- 
table  extension-leaves,  drawers,  cupboards,  shelves,  etc  Some  of  the  con- 
structional details  are  referred  to  in  Aris.  315  and  316. 

313.     CLOTHES-CHUTE.     In  many  residences  a  clothes-chute 
is  provided,  which  runs  from  sotne  place  in  the  second  story,  from 
the  bath-room  when  practicable,  to  the 
laundry.     The  chute  is  merely  a  verti- 
cal shaft  or  well  about  16  inch.es  by  2 
feet  inside,  lined  with  matched  ceiling 
and  provided  with  doors  in  each  story. 
314.    DUMB-WAITER.    If  a  dumb- 
waiter is  required,  a  shaft  with  doors 
opening  at  the  proper  level  in  the  dif- 
ferent stories,  must  be  provided  to  en- 
close it.     The  shaft  should  be  ceiled  in- 
side and  have,  if  necessary,  a  pocket  for 
the     weights.     Access     to     the     latter 
should   be   had    through    pocket-pieces 
secured  with  screws. 
In  buildings  having  the  kitchen  below 
F«.  s«.    The  ^T.»f«tioo--  B«.     ^j^^   dining-room,   a   dumb-waiter   is  a 
necessity    for   serving   the   meals,   and 
even  where  a  dumb-waiter  is  not  needed  from  kitchen  to  dining- 
room,  it  is  a  great  convenience  to  have  one  running  from  cellar  to 
kitchen  or  from  laundry  to  upper  stories. 

The  dumb-waiter,  as  originally  constructed,  consisted  of  a  box, 
suspended  by  a  rope  which  hung  over  a  pulley  and  had  a  weight 
attached  to  the  other  end.  More  pulleys  and  ropes  were  added, 
until  their  number  and  the  friction  they  created  became  a  nuisance. 
An  improved  type  of  dumb-waiter  was  then  invented.  This  type 
works  on  two  wheels  mounted  on  a  shaft  which  revolves  in  two 
bearings.  A  rope  connecling  the  dumb-waiter  box  and  a  slightly 
heavier  counterweight  passes  over  the  smaller  of  these  two  wheels, 
which  is  called  the  "lift-wheel";  and  an  endless  rope  called  the 
"hand-rope"  for  operating  the  machinery,  hangs  over  the  larger 
wheel,  which  is  conventionally  called  the  "hand-wheel."  The  car 
and  counterweight  are  kept  in  place  by  means  of  runs  or  strips  of 
wood  which  must  be  put  up  plumb  and  true  if  satisfactory  service 
is  to  be  had. 

There  are  three  types  of  control  in  general  use.  The  oldest  is  a  clamp  or 
check  operating  or  the  hand-rope  and  applied  and  released  by  the  operator. 
A  second  type  of  machine  is  fitted  with  a  hand-brake,  which  operates  on  a 
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brake-wheel  attached  to  the  main  shaft  of  th«  dumb-waiter  machine,  and  is 
applied  or  released  by  the  operator  by  means  of  a  "brake-line."    The  third 
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t3rpc  of  machine  is  fitted  with  an  automatic  brake  which  is  operated  by  the 
machine  itself,  independently  of  the  operator,  and  makes  it  impossible  for 
the  box  to  run  away,  either  up  or  down,  irrespective  of  whether  the  dumb- 
waiter is  empty  or  loaded. 

It  is  advisable  to  purchase  complete  outfits,  comprising  dumb-waiter  car, 
machine,  weight,  ropes  and  runs,  from  reliable  manufacturers;  and  if  these 
are  installed  in  accordance  with  directions  furnished  by  the  manufacturers, 
satisfactory  results  may  be  expected.  The  prices  of  complete  dumb-waiter 
outfits  range  from  $25  upward  and  depend  upon  size,  capacity,  etc. 

Manufacturers  of  dumb-waiters  make  similar  machines  of  every  type  and 
for  all  purposes,  but  the  three  types  above  described  are  adapted  to  most 
situations.  For  hospitals,  hotels,  restaurants,  etc.,  where  heavier  loads  are 
to  be  handled  than  in  the  ordinary  private  house,  a  geared  machine  should 
be  used,  and  the  car  should  be  suspended  by  means  of  a  wire  cable,  not  by 
a  Manila  rope.  These  geared  machines  are  fitted  with  either  improved 
self-locking  and  indestructible  hand-brakes  or  with  automatic  brakes,  at  the 
option  of  the  purchaser.  Hand-power  elevators,  which  are  similar  to  these 
machines,  are  installed  in  many  large  houses  where  the  carrying  of  trunks, 
etc.,  up  and  down  is  not  only  laborious  but  detrimental  to  the  finish  of 
walls  and  stairs;  and  hand-power  elevators  for  carriages,  automobiles,  hay, 
oats,  etc.,  in  stables  and  garages  are  practical  and  frequently  used. 

The  size  and  shape  of  the  dumb-waiter  car  may  be  varied  to  suit  the 
space  available  and  the  service  required.  The  common  size  for  residences 
is  24  inches  wide,  20  inches  deep  and  30  inches  high,  with  two  fixed  shelves. 
For  tenement  and  apartment-houses  the  car  may  be  made  30  inches  wide 
and  3  feet  high,  with  one  hinged  shelf,  so  that  a  barrel  may  be  set  in  it  if 
desired.  The  shaft  should  be  at  least  3  inches  larger  both  ways  than  the 
car,  and  should  be  ceiled  or  plastered  on  the  inside.  If  the  weight  runs 
between  double  guides,  no  extra  space  is  required  in  the  shaft,  and  the 
weight  is  readily  accessible.  Figs.  545  and  546  show  the  working-mechan- 
ism of  the  third  type  of  dumb-waiter  mentioned  above.* 

Most  dumb-waiters  may  be  made  "double- face,"  that  is,  with  openings  on- 
opposite  sides  for  different  stories,  and  they  can  also  be  adapted  to  openings 
on  adjacent  sides;  but  this  arrangement  should  be  avoided.  The  doors  at 
the  openings  into  the  dumb-waiter  shaft  are  usually  hung  with  cords  and 
weights  in  the  same  manner  as  an  ordinary,  window,  and  are  provided 
with  some  form  of  spring-catch  which  will  hold  the  door  either  up  or  down. 

315.  DETAILS  OF  CUPBOARDS,  BOOKCASES,  CABI- 
NETS, ETC.f  In  order  to  detail  properly  a  case  of  drawers,  cup- 
board-doors, etc.,  the  draughtsman  must  be  familiar  with  the  dif- 
ferent methods  of  constructing  them.  Cupboard-doors  are  made 
in  essentially  the  same  way  as  other  doors,  except  that  they  are 
usually  thinner  and  have  narrower  rails  and  stiles,  and  the  panel- 
mold  is  worked  on  the  solid  wood.  For  a  door  2  by  4j!/$  feet  or 
less,  a  thickness  of  i^  inches  is  ample,  while  the  stiles  and  rails 

•  Courtesy  of  the  Sedgwick  Works,  New  York  City, 
t  See,  also.  Fig.  386  and  Arts.  310,  311  and  312. 
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should  be  about  2^  or  3  inches  wide;  the  lower  rail  is  usually 
made  i  inch  wider  than  the  others.  The  panels  should  not  be  over 
12  inches  wide,  8  or  10  inches  being  the  better  widths,  A  door  2 
feet  wide  and  over  3  feet  high  should  have  four  panels. 

When  doors  are  used  in  pairs  the  meeting-rails  are  usually  re- 
bated and  beaded.  If  the  doors  are  arranged  to  slide,  a  slight  space 
must  be  left  between  them, 
about  %a  of  an  inch,  and  a 
stop-bead  nailed  to  the 
edges  to  keep  out  the  dust, 
as  shown  in  Fig.  547.  The 
outer  edges  of  the  door 
should  also  fit  into  a  groove 
in  the  frame  for  the  same 
reason.  When  dust-proof 
swinging  doors  are  desired, 
the  edges  of  the  doors  should  be  fitted  approximately  as  shown  in 
Fig.  548,  with  the  meeting-stiles  rebated  and  the  joint  covered  with 
an  astragal. 

Fig,  542  shows  a  vertical  section  AA  through  a  dresser  from 
cornice  to  floor,  through  cornice,  cupboards  and  shelves,  counter- 
shelf,  tilting  flour-bins  and 
base.  It  also  shows  a  vertical 
section  through  an  alternate 
arrangement  for  a  smaller 
flour-bin  with  one  drawer  he- 
low  it.  The  doors  of-  the  cup- 
boards above  the  counter-shelf 
may  be  paneled  or  glazed,  but 
glazing  is  preferable-  The 
brackets  under  these  cupboards 
may  be  short,  as  shown,  or  may 
be  made  larger  and  come  down 
to  the  counter-shelf.  Draw- 
ings C  and  D  are  horizontal 
nnnmu  anit.  scctions    through    the    frames, 

Hg.  548.    Detail  fw^D^.i-Proof  Cupboard-    door-stiles   and   panels   of   the 
cupboards,  detail  D  being  for 
poorer,  cheaper  work,  and  detail  C  for  better  construction. 

The  drawings  of  the  flour-bins  show  their  general  construction. 
They  turn  on  metal  pivot-hinges  placed  a  little  nearer  to  the  front 
than  to  the  back  of  the  bin  so  as  to  allow  the  weight  of  the  con- 
tents to  close  it.  A  drawer-pull  is  usually  placed  on  the  outside 
face  of  the  bin  near  the  top  and  the  pivot-hinge  allows  the  bin  to 
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be  taken  out  for  cleaning.     The  block  shown  at  the  back  of  the  bin 
prevents  the  latter  from  tipping  forward  too  far.     (See,  also,  Art. 

311.) 

Fig.  543  shows  the  elevation,  in  part,  of  another  variation  of 
dresser- design,  and  also  a  vertical  section  illustrating  one  method 
of  putting  together  the  pieces  which  form  the  cornice,  frame,  doors, 
paneled  backing,  counter-shelf  and  base.  This  detail  shows  a  more 
elaborate  cornice  than  usual.  The  details  used  by  different  archi- 
tects vary  greatly. 

The  ordinary  method  of  hanging  the  doors  of  cases,  cabinets,  etc., 
is  shown  at  A,  Fig.  549.  For  bookcases,  or  wherever  it  is  de- 
sirable to  utilize  the  full  width  of  the  opening,  there  is  a  serious 
defect  in  this  method,  in  that  when  the  door  is  open  at  right-angles 
the  opening  is  reduced  by  the  width  X,  or  nearly  the  entire  thick- 
ness of  the  door.     To  obviate  this  the  door  may  be  hung  as  shown 


Fig.  S4g,     Method*  of  Hsn 


at  B  or  C.    The  last  detail  is  intended  to  represent  the  jamb  of  a 
bookcase  finished  with  pilasters  at  the  angles,  which  are  made  a 


Pivoted  BookcBK-Doon 


part  of  the  doors  instead  of  being  fastened  to  the  case,  and  thus 

uncover  the  whole  length  of  the  shelves  when  the  door  is  opened. 

Very  often,  on  bookcases  and  fine  cabinets,  it  is  desirable  that 

the  hmge  shall  not  be  seen ;  in  this  case  the  pivot  or  pin-hinge  is 
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used.  Bookcase  doors  are  frequently  pivoted,  as  shown  at  A,  Fig. 
550.  In  locating  the  pivot  the  distance  D  should  be  about  We  of 
an  inch  more  than  the  distance  B.  For  a  bookcase,  however,  this 
method  of  pivoting  the  doors  is  decidedly  objectionable  for  several 
reasons:  it  narrows  the  opening  by  the  full  width  of  the  door;  the 
shelves  must  be  made  narrower  than  with  swinging  doors;  and 
dust  easily  enters  at  the  edge  of  the  door.  A  much  better  arrange- 
ment is  that  shown  at  B,  which  leaves  tlie  full  width  and  depth  of 
the  case  available. 

At  C  is  shown  what  is  probably  the  best  method  of  hanging  or 
pivoting  the  lid  of  a  small  desk  or  cabinet  that  opens  down.  By 
this  arrangement  the  lid  is  made  self-supporting  when  open,  with- 
out the  aid  of  elbow-braces  or  chains,  and  the  pivot-hinge  can  be 
made  quite  strong  and  invisible. 

316.  DETAILS  OF  DRAWERS.  Drawers  form  a  part  of 
many  of  the  fittings  designed  by  the  architect,  and  the  better  methods 
of  construction  should  be  familiar  to  every  draughtsman. 

The  successful  operation  of 
a  drawer  depends  upon  the 
construction  both  of  the 
drawer  and  of  the  case  in 
which  it  works.  The  case 
should  be  so  made  that  there 
will  be  only  sufficient  contact 
with  the  drawers  to  support 
and  guide  them.  Fig.  551 
shows  the  usual  construction  of 
the  case  with  top  omitted.  The 
bottom  edge  of  the  drawer 
slides  on  the  piece  A,  while  the 
piece  B  guides  it.  Tlie  piece 
C,  which  separates  the  draw- 
ers, is  usually  but  %  of  an  inch  Fig.  5;i.     Orawer-Framc  or  Caic 

or  I   inch  thick.     If  a  greater 

space  is  desired  between  the  drawers  a  strip  is  glued  to  the  edge 

as  at  D. 

Long  drawers  are  often  made  with  a  center  guide,  as  shown  at  G. 
Blocks  are  glued  to  the  bottom  of  the  drawer  to  slide  along  each 
side  of  the  guide.  Long  and  shallow  drawers  work  much  better 
with  such  a  guide,  and  the  guide  also  serves  to  support  the  bottom. 
In  the  best  work  a  "dust-panel"  is  placed  in  the  frame  between  the 
drawers  so  that  when  a  drawer  is  removed  from  the  pocket  it  is 
impossible  to  reach  the  contents  of  the  drawer  below ;  the  panel 
also  keeps  out  more  or  less  dust.     If  it  is  desirable  that  the  drawer 
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may  be  withdrawn  its  entire  depth  without  falling,  slidit^-pieces,  S, 
may  be  arranged  at  each  side  of  the  drawer,  in  the  manner  shown 
in  Fig.  552.  As  the  drawer  is  drawn  out  it  slides  first  on  the 
sliding-pieces  S,  and  when  half  open,  a  pin,  P,  catches  in  each 
sliding-piece  and  draws  it  out.  The  pieces  5  hold  the  drawer,  keep 
it  from  falling,  and  are  prevented  from  tipping  by  the  shoulders  R, 
which  bear  against  the  under  side  of  the  piece  A,  Fig.  55I. 


Fig.  553  shows  the  "Kimball"  ball-bearing  drawer-slide,  which 
has  been  much  used.  It  is  similar  to  the  arrangement  above  de- 
scribed, but  has  steel  balls  inserted  in  grooves  to  decrease  the  fric- 
tion.   One  objection  to  this  type  of  drawer-slide,  however,  is  the 


wearing  of  the  wood  by  the  sleel  balls  after  some  use  and  the  con- 
sequent coming  together  of  the  wood  pieces,  which  renders  the  balls 
useless.  Drawer-slides  are  quite  extensively  used  in  libraries  and 
public  buildings ;  they  are  worthy  of  a  more  extended  use  in 
dwellings  and  for  all  drawers  that  are  to  be  much  used.  The 
"Turner"  patented  anti-friction  drawer-slides*  have  their  wheels 
extending  through  the  sliding-strips  C,  Fig.  554.  When  the  drawer 
is  loaded,  it  bears  upon  the  wheels  entirely  and  does  not  wear  away 

•Mide  hr  (he  Grant  Pulify  »nd  Hardware  Comrmy.  New  York  Ciiy,     Thl»  coropui/ 


nor  allow  the  wood  to  rub  and  bind.  This  slide,  also,  has  a  wheel 
at  the  back  end  of  each  sHding-strip,  which  rolls  and  keeps  the 
drawer  from  dropping  when  drawn  out  full  length. 


■tel%»a.aj3«j« 


fnr^nfTTfTTHi 


Fig.  SS4.    The  "Turner"  Drawcr.Slide. 


The  construction  of  the  drawer  itself  is  quite  simple,  the  varia- 
tions being  only  as  a  rule  in  the  front  piece  and  in  the  joints.  The 
sides  and  back  of  the  drawers  are  usually  from  ^a  to  H  of  an 
inch  thick,  and  the  bottom  from  %  to  %  of  an  inch  thick.     The 


drawers  slide  on  the  bottom  edges  of  the  side  pieces  and  the  bottom 
is  grooved  into  the  front  and  sides.  The  back  is  commonly 
tenoned  or  grooved  into  the  sides  and  rests  on  the  bottom.  The 
bottom  should  always  have  the  grain  of  the  wood  running  across 
the  drawer,  and  should  extend  a  little  beyond  the  back-piece  to 
allow  for  shrinkage.    It  should  not  be  fastened  except  at  the  front 
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A  drawer  may  have  a  plain  front,  a  panel-front  or  a  Hp-front,  as 
shown  in  Fig.  555.  The  panel-front  is  usually  formed  by  nailing 
'  or  gluing  a  panel-mold  around  the  edges  of  a  plain  front.  When 
the  drawer  is  pushed  back  the  molding  is  flush  with  the  front  of  the 
case.  If  the  front  and  sides  are  connected  by  a  full  dovetail  joint 
this  makes  a  very  strong  and  handsome  drawer.  The  face  of  a 
"lip-front"  drawer  is  rebated  around  all  four  edges,  so  as  to  project 
about  14  of  a"  'n<^h  over  the  face  of  the  case  to  keep  out  dust.  The 
lip-front  drawer  should  be  used  where  the  appearance  is  not  of- 
great  consequence  and  where  it  is  desirable  to  keep  out  dust  as  much 
as  possible,  as  in  drawers  for  linen,  clothes,  etc.  Lip-front'  and 
plain-front  drawers  are  usually  lap-dovetailed  to  the  sides,  as 
shown  in  the  illustrations,  ( See  Fig. ,  356. )  Carpenters  often 
simply  rebate  the  ends  of  the  front  and  nail  the  sides  in  the  rebate, 
but  this  makes  a  bungling  piece  of  work,  and  the  nails  are  apt  to 
split  the  sides. 

In  furniture-work  the  back  and  sides  of  the  drawers  are  usually 
dovetailed  together,  but  in  most  miliwork  they  are  simply  grooved 
and  nailed  together,  as  at  D,  Fig.  555,  The  groove  in  the  side  pieces 
for  the  bottom  should  be  kept  up  J^  of  an  inch  from  the  lower  edge, 
If  the  bottom  piece  must  be  more  than  %  of  an  inch  thick,  it  may  be 
cut  away  at  the  edges  as  shown. 

Specifications  for  drawers  should  state  the  kind  of  front  desired 
and  the  method  of  joining  the  parts. 

When  a  drawer  is  hung  from  a  table-top  or 
shelf,  the  best  arrangement  for  the  slide  is  that 
shown  in  Fig.  556.  If  the  slide  is  placed  at  the 
top  of  the  drawer  there  is  sure  to  be  friction 
against  the  under  side  of  the  table-top  unless  the 
drawer  is  loosely  hung,  and  this  too  is  objec- 
tionable. 

A   drawer   for  a   corner-cabinet  cannot,  of 

course,  be  made  to  slide  but  it  may  be  pivoted 

to  work  as  in  Fig.  557. 

Fig.    5s6.    ivtaii    of        317-     MANTELS     AND     SIDEBOARDS. 

Tabte'Top"""*   '"""     ^^^  details  of  mantels  and  sideboards  depend 

almost   entirely   upon  the  design,  and  as  this 

may  ■vary   indefinitely  it  is  impossible  to  give  many  illustrations 

that  would  be  of  much  value.     In  general  the  same  principles  of 

construction  that  have  been  given  for  cabinet-work  or  finish  apply 

to  these  fixtures. 

Fig.  558  •  shows  the  design  and  construction  of  the  upper  part 

•  Ktdr.wn  and  adapted,  by  perini»»ion,  from  "euilding  D«lail»,"  Frsnk  U.  S*ji»c. 
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of  a  wood  mantel  in  the  residence  of  Miss  Dunning,  at  Briercliff 

Manor,  N.  Y.,  designed  by  Mr,  H.  Van  Buren  Magonigle.     The 

mantel  is  set  against  concrete  and  secured  to  the  grounds  and  wood 

blocks  as  shown.     The  sizes  of  the  pieces  used 

and    the    jointing   are    indicated    in   the   vertical 

and    horizontal    sections.     The    shelf-molds    are 

,^^ ^     .        mitered    across    the    ends    and    the    shafts    of 

ll  "''''==!^    I      1        the   columns   are   hollow  and   built   up   of   four 
p^Ot^  ^        fluted  pieces  splined  together.     The  wood  finish 

I     ^x^  I        is   white  pine   painted   white   and  the   facing  of 

^^^^^"^"^^^^  tJie  fireplace  opening  is  of  Pavonezza  marble. 
The  mantel-shelf  is  1%  inches  thick;  the  frieze- 
piece  and  piece  above  the  shelf,  ^  an  inch;  and 
the  backing-piece,  back  of  the  frieze,  j%  inches. 


.>S-J 


13.     DIMENSIONS  OF  FURNITURE. 

318.  DIMENSIONS  OF  FURNITURE.  For  the  convenience 
of  draughtsmen  when  designing  furniture  or  providing  space  for 
a  special  article,  the  following  dimensions,  furnished  by  Mr.  Alvin 
C.  Nye,  are  given :  * 

I.  Chairs  and  Seals.  The  average  figures  taken  from  a  variety  of  good 
chairs  are:  height  of  the  seat  above  the  floor,  18  inches;  depth  of  the  seat, 

*  Tbete  dimCDsians  were  fint  publiabcd  in  Ihe  "Atmrican  Archilect"  of  Novcniber   lo. 
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19  inches;  height  from  the  floor  to  the  top  of  the  back,  58  inches.  Usually 
the  seat  increases  in  depth  as  it  decreases  in  height,  while  the  back  is  higher 
and  slopes  more.  Twenty  inches  inside  is  a  comfortable  depth  for  a  seat 
of  moderate  size.  Chair-arms  are  about  9  inches  above  the  seat.  The  slope 
of  the  back  should  not  be  more  than  one-fifth  the  depth  of  the  seat  A 
lounge  is  6  feet  long  and  about  30  inches  wide. 

2.  Tables.  Tables  vary  in  shape  and  size  almost  as  much  as  chairs. 
Writing  and  dining-tables  are  made  2  feet  5  inches  high,  and  the  t)rpe  of 
sideboard  called  a  carving-table  is  made  3  feet  high  to  the  principal  shelf; 
but  tables  for  general  use  are  2  feet  6  inches  high. 

Dining-tables  may  be  lengthened  to  12  or  16  feet  by  means  of  slides 
within  the  frame.  This  frame  should  not  be  so  deep  as  to  interfere  with 
the  knees  of  any  one  sitting  at  the  table;  that  is,  there  must  be  about  2  feet 
clear  space  between  it  and  the  floor. 

The  smallest  size  practicable  for  the  knee-holes  of  desks  and  library 
tables  is  2  feet  high  by  i  foot  8  inches  wide,  and  the  width  should  be  in- 
creased as  much  as  possible. 

3.  Bedsteads.  Bedsteads  are  classed  as  single,  three-quarters  and  dou- 
ble. A  single  bed  is  3  to  4  feet  wide  inside ;  a  three-quarter  bed,  from  4  to  4 
feet  6  inches ;  a  double  bed,  5  feet.  All  bedsteads  are  from  6  feet  6  inches  to 
6  feet  8  inches  long  inside.  Footboards  are  from  2  feet  6  inches  to  3  feet  6 
inches,  and  headboards  from  5  feet  to  6  feet  6  inches  high. 

4.  Bureaus,  Bureaus  vary  in  shape  and  size  to  such  an  extent  that  it  is 
impossible  to  say  that  any  dimension  is  fixed.    Convenient  sizes  are:  3  feet 

5  inches  wide,  with  body  i  foot  6  inches  deep  and  2  feet  6  inches  high ;  or  4 
feet  wide,  with  body  i  foot  8  inches  deep  and  3  feet  high. 

5.  Commodes,  Commodes  are  i  foot  6  inches  square  on  the  top  and  2 
feet  6  inches  high. 

6.  Chiffoniers.  Chiffoniers  are  3  feet  wide,  i  foot  8  inches  deep  and  4  feet 
4  inches  high. 

7.  Cheval-Glasses,  Cheval-glasses  are  made,  if  large,  6  feet  4  inches 
high  and  3  feet  2  inches  wide ;  if  small,  5  feet  high  and  i  foot  8  inches  wide;  if 
medium,  5  feet  6  inches  high  and  2  feet  wide. 

8.  Washstands.  Washstands  of  large  size  are  3  feet  long,  i  foot  6  inches 
wide  and  2  feet  7  inches  high.  Small-size  washstands  are  2  feet  8  inches 
long. 

9.  Wardrobes,    Wardrobes  may  be  8  feet  high,  2  feet  deep  and  4  feet 

6  inches  wide ;  or  6  feet  9  inches  high,  i  foot  5  inches  deep  and  3  feet  wide. 

10.  Sideboards,  Sideboards  may  be  5  to  6  feet  long  and  are  about  2  feet 
2  inches  deep. 

11.  Pianos.  Upright  pianos  vary  from  4  feet  10  inches  to  5  feet  6  inches 
in  length;  from  4  feet  to  4  feet  9  inches  in  height;  and  are* about  2  feet  4 
inches  in  depth,  over  all.  Square  pianos  are  about  6  feet  8  inches  long  by  3 
feet  4  inches  deep. 

Of  course  this  list  could  be  supplemented  with  an  almost  endless  number 
of  article  of  furniture. 
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14,    FLOORS* 

319.  OVERFLOORS  OR  FINISHED  FLOORS.  (For  data 
relating  to  "Underfloors  or  Subfloors,"  see  Art.  213.)  When  dou- 
ble floors  are  used,  as  they  should  always  be  in  the  better  class  of 
dwellings,  the  overflooring  or  finished  flooring  should  not  be  laid 
until  the  plastering  is  thoroughly  dry  and  most  of  the  standing  fin- 
ish in  place.  When  hardwood  floors  are  used  they  should  not  be 
laid  until  all  the  other  carpentry-work  in  the  room  is  finished. 
When  there  is  to  be  only  a  single  floor  it  is  customary  to  lay  the 
floors  that  are  to  be  carpeted  before  plastering,  and  put  off  laying 
the  hardwood  floors,  or  those  that  are  to  be  finished,  untH  after  the 
plastering  is  dry.  Great  care  should  be  exercised  to  have  the  build- 
ing, in  which  hardwood  flooring  is  to  be  laid,  thoroughly  dried  out 
before  the  flooring  is  put  into  it  and  to  maintain  as  even  a  tem- 
perature as  possible  during  the  process  of  laying.  As  hardwood 
flooring  is  thoroughly  kiln-dried,  if  exposed  to  moisture  the  tongues 
and  grooves  will  swell  up  and  make  it  difficult  to  get  the  boards 
together.  Then  after  being  laid  they  will  shrink  and  leave  unsightly 
cracks. 

320.  WOODS  USED  FOR  FLOORING.  For  floors  that  are 
to  be  carpeted  spruce  boards  have  been  and  still  are  commonly 
used  in  New  England.  In  the  middle  and  northwestern  states 
white  pine  was  in  general  use  until  the  decreasing  cut  and  increased 
cost  drove  it  from  many  markets  and  caused  cheaper  woods  to  be 
substituted.  In  these  states  now,  in  the  trans-Mississippi  states 
and  in  the  southern  states  hard  pine  is  more  commonly  used. 
Douglas  fir  is  very  extensively  used  for  flooring  in  the  Pacific 
Northwest.  For  kitchen-floors,  and  wherever  a  good  wearing  floor 
is  desired  that  will  not  incur  the  expense  of  hardwoods,  long-leaf 
southern  pine  may  be  used.  All  boards  containing  sap  or  large 
streaks  of  dark  turpentine  should  be  culled  out,  as  the  turpentine 
soon  crumbles  away  and  leaves  unsightly  depressions.  For  floors 
that  are  subject  to  a  great  deal  of  wear,  maple  is  generally  consid- 
ered the  best  wood,  although  it  is  sensitive  to  atmospheric  changes 
and  therefore  not  much  used  in  parquetry-flooring.  For  floors  of 
parlors,  halls,  living-rooms,  etc.,  oak  is  generally  preferred.  Be- 
sides these  woods,  birch,  beech,  walnut,  cherry,  poplar,  whitewood, 

*  Much  valuable  data,  on  the  subject  of  flooring  has  been  obtained  from  the  following: 
The  Wood  Mosaic  Flooring  and  Lumber  Company,   Rochester,  N.  Y. 
The  T.  Wilce  Company,  Chicago,  III. 
The  Hardwood   Record,   Chicago,   111. 

The  Oak  Flooring  Manufacturers'  Association  of  the  United  States,  Detroit,  Mich. 
The  Yellow  Pine  Manufacturers'  Association,  St.  Louis,  Mo.,  and  various  other  asso- 
dationa  handling  different  woods.     (See,  also.  Arts.  213  to  215.) 
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sycamore,  gum,  cypress  and  some  other  woods  are  used  in  different 
parts  of  the  country.  Ash  and  chestnut,  also,  have  been  used  for 
flooring,  but  are  not  good  woods  for  this  purpose  as  the  surface 
tends  to  sliver  and  split  off.  For  all  floors  that  are  not  to  be  car- 
peted, quarter-sawed  flooring  should  be  specified,  as  bastard  boards 
tend  to  sliver  and  warp. 

321.  MATCHED  FLOORING.  It  is  always  advisable  to  have 
double  floors,  but  if  only  a  single  floor  is  used  it  is  absolutely  nec- 
essary that  the  boards  be  matched  to  prevent  currents  of  air  from 
coming  up  from  the  spaces  between  the  joists,  and  oak  or  other 
ornamental  floors  must  be  matched  in  order  that  they  may  be  blind- 
nailed.  For  other  floors  it  has  been  claimed  by  many  that  match- 
ing is  not  really  necessary,  and  in  many  parts  of  New  England  it 
was  for  a  long  time  customary  to  match  only  hardwood  flooring. 
Instead  of  matching  the  spruce  and  hard-pine  flooring  the  boards 
were  carefully  "jointed"  or  planed  so  that  their  edges  came  tightly 
together  and  the  nails  were  driven  in  from  the  top  and  sunk  with 
a  nail-set,  if  the  floor  was  to  be  dressed  off.  When  the  material 
and  workmanship  were  of  the  best  this  really  made  a  better  floor 
than  the  ordinary  matched  flooring.  A  jointed  floor  thicker  than 
%6  of  an  inch,  is  now,  however,  seldom  seen.  In  the  western 
states  nothing  but  matched  flooring  is  seen.  Formerly  a  great 
amount  of  the  flooring  was  so  poorly  matched  that  it  could  be 
made  to  come  together  only  by  rejointing  by  hand,  but  owing  to 
the  improvements  made  by  the  introduction  of  fine  machinery  in 
the  manufacture  of  boards  for  ordinary  as  well  as  for  parquet- 
flooring,  these  imperfections  have  been  largely  removed. 

322.  WIDTHS,  THICKNESSES  AND  LENGTHS  OF 
BOARDS  FOR  FLOORING.  For  ordinary  flooring  (other  than 
hardwood,  parquetry  or  parquet-flooring,  not  to  be  carpeted)  the 
width  of  the  boards  should  not  exceed  4  inches  and  a  maximum  of  3 
inches  is  better.*  For  hardwood  flooring,  other  than  parquetry  or 
parquet-flooring,  the  ordinary  finished  or  "face"-widths  do  not  ex- 
ceed 3^/4  inches  for  maple  and  2M  inches  for  oak,  beech,  birch,  wal- 
nut and  cherry,  and  all  are  now  made  as  narrow  as  %  of  an  inch  in  % 
of  an  inch  thickness.  For  carpeted  floors  greater  widths  will  answer, 
if  a  good  quality  of  soft  pine,  Douglas  fir,  or  well-seasoned  spruce 
is  used;  otherwise  3  or  4-inch  flooring  in  such  woods  should  be 
specified,  for  if  a  wide  board  warps  much  it  will  form  ridges 
against  which  the  carpet  will  wear.     Ordinary  flooring  is  ^%e  of 

*  Flooring  is  commonly  designated  by  the  width  of  the  board  from  which  it  is  stuck, 
4-inch,  jointed  flooring  measuring  about  3^  inches,  and  matched  flooring  about  zVi  inches, 
face-measure.  A  "/m  by  i}4-inch  flooring-board  is  measured  as  a  i  by  2-inch  board  in 
oak  and  as  a  i  by  2^ -inch  board  in  maple,  beech,  birch,  walnut  or  cherry. 
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an  inch  thick,  its  under  side  sometimes  left  rough;  but  for  stores, 
public  corridors  and  similar  places  thicker  flooring  in  such  woods 
as  pine,  spruce  and  maple  is  often  used,  both  for  stiffness  and 
durability.  Special  maple  flooring  is  made  i^e,  i%6  and  i^%6 
inches  thick.  Douglas  fir  flooring  is  made  in  i  by  3,  i  by  4,  i  by  6, 
iVk  by  4  and  1%  by  6-inch  sizes,  finished  in  face-sizes  of  ^yie  by  2%, 
^9ie  by  3%,  *%6  by  S%,  iMe  by  3^  and  iMe  by  5%  inches, 
respectively.  Yellow  pine  flooring  is  made  in  i  by  3,  i  by  4,  I  by 
6,  iH  by  4  and  1%  by  6-inch  sizes,  finished  in  face-sizes  of  ^9i6 
by  2%,  lyie  by  3%,  ^?i6  by  5%,  i%2  by  3%  and  i%  by  5% 
inches. 

The  question  of  length  is  not  con- 
sidered of  such  great  importance  as 
formerly  as  the  process  of  end- 
matching  has  eliminated  the  neces- 
sity of  using  long  pieces  only.    The 

Fig.  559.     Grocvcd,  Matched  Flooring,     lengths     of     the     VarfoUS     hardwOOd 

boards  used  for  flooring  run  up  to  16 
feet. 

The  %6-inch  and  greater  thicknesses  of  ordinary  matched  floor- 
ing are  sometimes  grooved  on  the  under  side,  as  in  Fig.  559,  to 
make  them  conform  to  the  floor  more  readily  or  to  enable  the  car- 
penter to  lay  the  flooring  more  easily  and  quickly.  The  claim  has 
also  been  made  that  the  grooving  tends  to  prevent  warping.  Some 
manufacturers  of  the  best  flooring,  however,  never  undercut  or 
undergroove  their  tongued-and-grooved  flooring.  Fig.  560  shows 
some  full-size  sections  of  hardwood  flooring-boards  of  different 
widths  and  thicknesses.  End-matched  flooring  is  shown  in  Fig. 
561.  This  makes  a  more  even  joint  than  the  butt-joint  and  does 
not  have  to  be  nailed  through  the  top.  Although  with  end-matched 
flooring  it  is  not  absolutely  necessary  to  have  a  subfloor  with  the 
^%6-inch  thickness,  or  to  have  the  joints  came  over  a  joist,  it  is 
always  advisable  to  so  arrange  them. 

323.  QUALITIES  OF  WOODS  USED  FOR  FLOORING. 
GRADING-RULES  FOR  FLOORING.  The  associations  manu- 
facturing flooring  from  different  kinds  of  wood  publish  "Rules  for 
Grading,"  to  which  the  reader  is  referred  for  full  details  relating 
to  the  various  qualities  of  flooring  and  the  actual  widths,  thick- 
nesses and  exact  meaning  of  terms  for  accurate  specifying.  In 
order  to  illustrate  these  classifications,  however,  the  following  ex- 
tracts from  some  of  the  latest  compilations  are  added: 

I.     Yellow  Pine  Flooring  Grading-Rules*    Yellow  pine  shall  be  classified 

•  From  "Yellow  Pine.    A  Manual  of  Standard  Wood  Construction,"  published  by  The 
Vellow    Pine    Manufacturers*    Association,    St.   Louis,    Mo. 
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as  to  grain  as  ''edge-grain"  and  "flat-grain."  Edge-grain  has  been  variously 
designated  as  "rift-sawed/*  "vertical  grain,"  "quarter-sawed,"  all  being  com- 
mercially synonymous  terms.    Edge-grain  stock  is  especially  desirable   for 
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Fig.  560.     Full-Size  Sections  of  Hardwood  Flooring-Boards. 


flooring  and  admits  no  piece  in  which  the  angle  of  the  grain  exceeds  45 
degrees  from  the  vertical  at  any  point,  thus  excluding  all  pieces  that  will 
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(liver  or  shell  from  wear.    Such  as  will  not  meet  these  requirements  shall 
be  known  as  "flat  grain." 

All  dressed  slock  shall  be  measured  and  sold  "strip-count^'  namely:  full 
size  of  rough  material  ne- 
cessarily used  in  its  manu- 
facture. All  sizes  I  inch  or 
less  in  thickness  shall  be 
counted  as   i-inch  thick. 

Knots  shall  be  classified 
as  "pins,"  "standard"  and 
"lai^e,"  as  to  size ;  a3 
"round"  and  "spike"  as  to 
form ;  and  as  "sound," 
"loose,"  "enchased,"  "pith" 
Fig.  561,    End- Matched  Flooring.  and  "rotten"  as  to  quality. 

Pilch-pockets  are  open- 
ings between  the  grain  of  the  wood  containing  more  or  less  pitch  or 
bark,   and   shall  be  classified   as   "small,"   "standard"    and    "large"    pitch- 

A  "pitch-streak"  is  a  well-defined  accumulation  of  pitch  at  one  point  in 
the  piece,  and  when  not  sufficient  to  develop  a  well-defined  streak,  or  where 
fiber  between  grains  ts  not  saturated  with  pitch,  it  shall  not  be  considered  a 
defect. 

"Wane"  is  bark,  or  the  lack  of  bark  or  a  decrease  of  wood  from  any  cause 
on  the  edge  of  the  piece. 

"Bright  sap"  shall  not  be  considered  a  defect  in  any  of  the  grades  pro- 
vided for  and  described  in  these  rules.  The  restriction  or  exclusion  of 
bright  sap  constitules  a  special  class  of  material  which  can  only  be  secured 
by  special   contract. 

"Sap  grain"  shall  not  be  considered  a  defect  in  any  of  the  grades  of 

"Firm,  red  heart"  shall  not  be  considered  a  defect  in  any  of  the  grades 

"Chipped  grain"  consists  in  a  part  of  the  surface  being  chipped  or  broken 
out  in  small  particles  below  the  line  of  the  cut,  and  as  usually  found  should 
not  be  classed  as  "torn  grain"  and  shall  not  be  considered  a  defect. 

"Torn  grain"  consists  in  a  part  of  the  wood  being  torn  out  in  dressing. 
It  occurs  around  knots  and  cucly  places,  and  is  of  four  distinct  characters: 
slight,  medium,  heavy  and  deep. 

"Loosened  grain"  consists  in  a  point  of  one  grain  being  torn  loose  from 
ihe  next  grain.  It  occurs  on  ihe  heart-side  of  the  piece,  and  is  a  serious 
defect,  especially  in  flooring. 

The  standard  lengths  are  multiples  of  two  feet,  from  ten  to  twenty-four 
feet,  inclusive,  for  boards,  fencing,  dimension  lumber,  joists  and  timbers; 
multiples  of  one  foot,  from  ten  to  twenty  feet  inclusive,  for  finishing,  flooring, 
ceiling,  siding,  partitions,  casings,  bases,  window  and  door-jambs,  except  as 
hereinafter  specified.    Longer  or  shorter  lengths  than  those  herein  specified 
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are  special.  Special  and  fractional  lengths,  wh^n  ordered,  shall  be  cotmted  as 
the  next  higher  standard  length. 

The  standard  of  widths  for  lumber,  SiS*orS2Sor  rough,  excluding 
dimension  lumber,  shall  be  multiples  of  i  inch,  from  3  inches  and  up  in  width. 

On  stock-width  shipments  of  No.  i  Common  and  better  lumber,  either 
rough  or  dressed  one  or  two  sides,  no  piece  should  be  counted  as  of  "standard 
width"  that  is  more  than  %  of  an  iiKh  scant  on  &-inch  and  under;  %  of  an 
inch  scant  on  9  and  lo-inch,  or  ^^  of  an  inch  scant  on  11  and  12-inch  or 
wider  lumber.  Such  pieces  should  be  measured  as  the  next  lower  standard  of 
width  and  not  reduced  in  grade. 

No  arbitrary  rules  for  the  inspection  of  lumber  can  be  maintained  with 
satisfaction.  The  variations  from  any  given  rule  are  numerous  and  sug- 
gested by  practical  common  sense;  so  nothing  more  definite  than  the  general 
features  of  diflFerent  grades  should  be  attempted  by  rules  of  inspection.  The 
grading-rules,  therefore,  are  submitted  as  the  general  characteristics  of  the 
different  grades. 

Sizes  of  Flooring.  D  grade  and  better,  i  by  3,  i  by  4  and  i  by  6  inches 
shall  be  worked  to  i^ie  by  2%,  sli  and  sM  inches;  i^/4-inch  flooring  shall 
be  worked  to  i%2  inches  thick;  i^-inch  flooring  to  i^%2  inches  thick,  the 
same  width  and  the  same  matching  as  i-inch  stock. 

Lengths  of  Flooring.  Standard  lengths  are  from  8  to  20  feet  in  B  and 
better  flooring  with  not  to  exceed  5  per  cent  of  8-foot  lengths  in  mixed- 

*  The  following  are  some  of  the  abbreviations  used  in  grading  and  ahipping  woods  for 
flooring  and  other  purposes: 

r  &  G Tongucd-and-grooved. 

B  M     Board    (that  is,    i -inch) -measure. 

S  F    Superficial  feet,  same  as  B.  M. 

S  M   Surface-measure. 

E  G    Edge-grain;   either  vertical  or  within  an  angle  of  45  degrees  from 

the  vertical. 

V  G   Vertical  grain. 

F  G    Flat  grain;  nearly  parallel  with  surface;  or  other  than  edge-grain. 

D&M    Dressed-and-matched,  that  is,   surfaced  one  side,  with  tongued-and- 

grooved  edges. 

S  X  S    ( Surfaced  one  side. 

S  I  S  I  E    Surfaced  one  side  and  one  edge. 

S  X  S  2  E   Surfaced  one  side  and  two  edges. 

S  2  S    Surfaced  two  sides. 

S  a  S  X   E     Surfaced  two  sides  and  one  edge. 

S  2  S  2  £    .......  .'.Surfaced  two  sides  and  two  edges. 

S  4  S    Surfaced  four  sides. 

S  4  S  C  S    Surfaced  four  sides  with  Vie  of  an  inch  calking-seam  on  each  edge. 

FAS     Free  along  side;  within  reach  of  ship's  tackles. 

CIF    Cost,  insurance  and  freight. 

CIFE   Cost,   insurance,   freight  and  exchange. 

K  D   Kiln-dried. 

G     Green. 

M  L   Mixed  lengths. 

CM    Center-matched. 

W  P     White  pine. 

Y  P    Yellow  pine. 

Co™    Common. 

Merch    MerchanUble. 
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length  shipments  of  this  grade,  5  per  cent  of  6  or  7- foot  lengths  in  C,  D,  and 
No.  I  Common  grade  and  5  per  cent  of  4  or  5- foot  lengths  in  No.  2  Common 
grade. 

The  above  percentages  are  allowed  in  all  shipments  of  mixed  lengths  even 
though  the  number  of  feet  of  each  length  in  such  shipments  be  specifically 
stated. 

Grades  of  Flooring.  A,  B,  C,  D,  No.  i  Common,  No.  2  Common  and 
No.  3  Sheathing,  Flat  Grain;  and  A,  B,  C,  D  and  No.  i  Common,  Edge- 
Grain. 

Defects  of  Flooring.  Defects  named  in  flooring  are  based  upon  a  piece 
manufactured  from  a  i  by  4-inch  by  12- foot,  and  pieces  larger  or  smaller  than 
this  will  take  a  greater  or  less  number  of  defects,  proportioned  to  their  size  on 
this  basis,  except  that  standard  knots  shall  not  exceed  i^  inches  in  diam- 
eter in  3-inch  flooring. 

A,  Flat  flooring,  must  be  practically  free  from  defects  on  the  face-side 
and  well  manufactured. 

B,  Flat  flooring,  will  admit  any  two  of  the  following  or  their  equivalent 
of  combined  defects:  15  per  cent  sap-stain;  15  per  cent  firm,  red  heart; 
three  pin-knots;  one  standard  knot;  three  small  pitch-pockets;  one  standard 
pitch-pocket;  one  standard  pitch-streak;  slight,  torn  grain;  small  seasoning- 
checks;  six  pin  worm-holes. 

C,  Flat  flooring,  will  admit  any  two  of  the  following  defects  or  their 
equivalent  of  combined  defects:  25  per  cent  of  sap-stain;  25  per  cent  of 
firm  red  heart;  two  standard  pitch- streaks ;  medium,  torn  grain,  or  other 
machine-defects  that  allow  of  laying  without  waste ;  slight  shake  that  does  not 
go  through,  or  seasoning-checks  that  do  not  go  through;  two  standard  pitch- 
pockets  ;  six  small  pitch-pockets ;  two  standard  knots  or  six  pin-knots ;  twelve 
pin  worm-holes. 

Edge-grain  flooring  shall  take  the  same  inspection  as  flat-grain  flooring 
except  as  to  the  angle  of  the  grain. 
Heart-face  edge-grain  shall  be  free  from  sap  on  face-side. 

D,  Flat  flooring,  will  admit  the  following  defects  or  their  equivalent  of 
combined  defects:  sound  knots  not  over  one-half  the  cross-section  of  the 
piece  in  the  rough  at  any  one  point  throughout  its  length;  three  pith-knots; 
pitch;  pitch-pockets;  sap-stain;  firm,  red  heart;  seasoning-checks  that  do  not 
go  through;  shake  that  does  not  go  through;  a  limited  number  of  pin  worm- 
holes,  well  scattered;  loosened  or  heavy,  torn  grain,  or  other  machine-defects 
that  allow  of  laying  without  waste. 

Pieces  otherwise  as  good  as  B  may  have  one  defect  (like  a  knot-hole)  that 
can  be  cut  out  by  wasting  ij/^  inches  of  the  length  of  the  piece,  provided 
both  pieces  will  be  16  inches  or  over  in  length  after  such  defects  are  cut 
out 

No.  I  Common  flooring  is  the  combined  grade  of  C  and  D  flooring,  and 
will  admit  all  pieces  that  will  not  grade  B  and  are  better  than  No.  2  Common. 

No.  2  Common  flooring  admits  all  pieces  that  will  not  grade  as  good  as 
D  flooring,  that  can  be  used  for  cheap  floors  without  a  waste  of  more  than 
one-fourth  the  length  of  any  one  piece. 

No.  3  Sheathing  will  admit  of  all  pieces  that  cannot  be  used  as  No.  2 
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Common  flooring,  but  are  still  available  as  cheap  sheathing  or  lathing  with- 
out a  waste  of  more  than  one-fourth  the  length  of  any  one  piece. 

Center-matched  flooring  shall  be  required  to  come  up  to  grade  on  face 
side  only,  and  the  defects  admissible  on  the  reverse  side  of  standard  matched 
shall  be  allowed. 

2.  Oak  Flooring  Grading  Rules*  A.  Quarter-sawed  Oak  Flooring. 
Red  or  White  Oak.  In  ordering  oak  flooring  it  should  be  stated  whether 
plain  or  quarter-sawed  red  or  white  oak  is  desired. 

Clear.  Shall  have  one  face  practically  free  of  defects,  except  %  of  an 
inch  of  bright  sap;  the  question  of  color  shall  not  be  considered;  lengths 
in  this  grade  to  be  2  feet  and  up,  not  to  exceed  10  per  cent  under  4  feet. 

Sap-clear.  Shall  have  one  face  practically  free  of  defects,  but  will  admit 
unlimited  bright  sap.  The  question  of  color  shall  not  be  considered. 
Lengths  in  this  grade  to  be  i  foot  and  up. 

Select.  May  contain  bright  sap,  and  will  admit  pin  worm-holes,  slight 
imperfections  in  dressing,  or  a  small  tight  knot,  not  to  exceed  one  to  every 
3  feet  in  length ;  lengths  to  be  i  foot  and  up. 

B.  Plain-sawed  Oak  Flooring.  Clear.  Shall  have  one  face  practically 
free  from  defects,  except  %  of  an  inch  of  bright  sap;  the  question  of  color 
shall  not  be  considered ;  lengths  in  this  grade  to  be  2  feet  and  up,  not  to 
exceed  10  per  cent  under  4  feet. 

Select.  May  contain  bright  sap,  and  will  admit  pin  worm-holes,  slight 
imperfections  in  dressing,  or  a  small  tight  knot,  not  to  exceed  one  to  every 
3  feet  in  length;  lengths  to  be  i  foot  and  up. 

No.  I  Common.  Shall  be  of  such  nature  as  will  make  and  lay  a  sound 
floor  without  cutting.    Lengths  i  foot,  and  up. 

Factory.  May  contain  every  character  of  defects  but  will  lay  a  service- 
able floor  with  some  cutting.    Lengths  i  foot  and  up. 

Widths  of  Pieces  for  Oak  Flooring.  The  i%-inch  face  makes  a  better, 
more  serviceable  and  handsomer  floor  than  any  other  width.  The  shading 
of  the  figure  of  the  wood  may  be  blended  more  harmoniously  than  when 
the  wider  strips  are  used.  The  laying-waste  in  the  ^?ie  by  i%-inch  face 
is  less  than  in  the  2-inch  face,  as  it  is  counted  %  an  inch  for  the  tongue- 
and-groove,  whereas  in  the  broader  widths,  it  is  counted  %  of  an  inch.  The 
cost  per  thousand  feet  is  less  than  in  the  wider  widths,  which  offsets  addi- 
tional cost  for  labor  in  laying. 

The  2  and  2%-inch  faces  are  the  widths  more  generally  used  in  ^9ie-inch 
thickness,  and  in  %-inch  thickness  either  i^/^  or  2-inch  face,  as  conditions 
demand. 

Thicknesses  of  Pieces  for  Oak  Flooring.  For  widths  of  i%»and  2-inch 
face,  %  and  ^^ie  of  an  inch  thickness.  For  a  width  of  2|^inch  face,  i?ie 
of  an  inch  thickness. 

The  Use  of  Different  Grades  of  Oak  for  Flooring.  Clear,  quarter-sawed, 
red  or  white :  high-class  residences,  hotels,  apartment-houses  and  club-houses. 

Sap-clear,  select,  quartered,  red  or  white:  an  economical  substitute  for  the 

•  From  "Oak  Flooring,"  published  by  The  Oak  Flooring  Manufacturers*  Association 
of  the  United  States,  Detroit,  Mich.;  and  "Wilce's  Hardwood  Flooring-List,"  published 
by  The  T.  Wilce  Company,  Chicago,  111. 
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clear,  quartered  grade,  where  a  dark  finish  is  desired.  These  grades  make  as 
durable  a  flooring  as  those  of  the  first  grade. 

Gear,  plain-sawed,  red  or  white:  high-class  residences,  hotels,  apartment- 
houses,  churches  and  club-houses. 

Select,  plain-sawed,  red  or  white:  medium-priced  residences,  hotels  and 
apartments;  schools,  office-buildings  and  stores. 

No.  I  Common:  cheap  dwellings,  tenements,  stores,  high-class  factories 
and  manufacturers'  buildings. 

Factory :  warehouses,  factories  and  cheap  tenements. 

3.  Grading  Rules  for  Various  Other  Woods  Used  for  Flooring. 
The  preceding  paragraphs  illustrate  the  general  rules  and  methods 
of  grading  one  of  the  softwoods  and  one  of  the  hardwoods  used 
for  flooring.  For  the  other  woods  the  reader  is  referred  to  the 
different  manufacturers'  associations,  such,  for  example,  as  the 
Northern  Pine  Manufacturers  of  Minneapolis,  Minn.,  for  white 
pine  and  Norway  pine;  the  Spruce  Manufacturers'  Association  for 
spruce;  the  Oregon  Lumber  Manufacturers'  Association  of  Port- 
land, Ore.,  the  Southwestern  Washington  Lumber  Manufacturers' 
Association  or  the  Pacific  Coast  Lumber  Manufactureres'  Associa- 
tion for  Douglas  fir,  Western  spruce,  hemlock  and  red  cedar;  the 
T.  Wilce  Company,  of  Chicago,  111.,  and  others  for  flooring  in  ma- 
ple, birch,  beech,  walnut  and  cherry;  and  other  associations  for 
other  flooring-woods. 

324.  STANDARD  WEIGHTS  OF  HARD-WOOD  FLOOR- 
ING. For  such  woods  as  maple,  beech,  birch,  oak,  walnut  and 
cherry  the  following  weights  of  flooring  are  given :  * 

%-inch-thick  flooring  1000  pounds  per  1000  feet. 

)^inch-thick  flooring  ^ 1200  pounds  per  1000  feet 

%-inch-thick  flooring  1500  pounds  per  1000  feet 

^9i6-inch-thick  flooring,     i^-inch,    2-inch,    and 

2^-inch  face  2100  pounds  per  1000  feet 

^9i6-inch-thick  flooring,  3%-inch  face 2250  pounds  per  1000  feet 

iMoi    i%6   and    iiMe-inch-thick   flooring,   2-inch 

and  3^-inch  face  2500  pounds  per  1000  feet. 

For  oak  flooring  the  following  weights  are  given :  f 

%  by  1%-inch  face  1000  pounds  per  1000  feet. 

96  by  2    -inch  face  1200  pounds  per  1000  feet 

^9i6  by  1%-inch  face  2000  pounds  per  1000  feet 

^946  by  2    -inch  face  2100  pounds  per  1000  feet 

^946  by  2%-inch  face 2200  pounds  per  1000  feet. 

*  "Wilce's  Hardwood  Flooring-List,'*  published  by  The  T.  Wflcc  Comiwny,  Chicago,  111. 
t  "Oak  Flooring/*  published  by  The  Oak  Flooring  Manufacturing  Association  of  the 
United  SUtes,   Detroit,  Mich. 
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325.  AMOUNT  OF  FLOORING  REQUIRED.  To  find  the 
amount  of  flooring  required  to  cover  a  certain  space,  first  figure 
the  number  of  square  feet,  that  is,  the  width  multiplied  by  the  length. 
For  example,  a  room  12  feet  wide  by  15  feet  long  has  12  times  15 
feet  or  180  square  feet  of  floor-area.  Then  add  to  the  number  of 
square  feet  so  found,  the  following  percentages  for  the  different 


sizes : 


Add 
Add 
Add 
Add 
Add 
Add 
Add 
Add 
Add 
Add 
Add 
Add 
Add 
walnut 
Add 
Add 


16%  per  cent 
33%  per  cent 
25  per  cent 
33%  per  cent 
37%  per  cent 
33%  per  cent 
37%  per  cent 
33%  per  cent 
37%  per  cent 
33%  per  cent 
25  per  cent 
50  per  cent 
50  per  cent 
or  cherry. 
33%  per  cent 
33%  per  cent 


for  floors 
for  floors 
for  floors 
for  floors 
for  floors 
for  floors 
for  floors 
for  floors 
for  floors 
for  floors 
for  floors 
for  floors 
for  floors 

for  floors 
for  floors 


d  w 

d  w 

d  w 

d  w 

d  w 

d  w 

d  w 

d  w 

d  w 

d  w 

d  w 

d  w 

d  w 


th  %  by  %-inch  boards, 
th  %  by  I  ^- inch  boards, 
th  %  by  2  -inch  boards, 
th  %  by  i^^-inch  boards, 
th  %hy  2  -inch  boards, 
th  %  by  2'/^inch  boards, 
th  %  by  2  -inch  boards, 
th  %  by  2^/4-inch  boards, 
th  WiQ  by  2  -inch  boards, 
th  WiQ  by  2%-inch  boards, 
th  i^ie  by  s^/i-inch  boards, 
th  %  by  i^-inch  maple, 
th  ^%6  by  I  ^/^- inch  maple,  beech,  birch, 


aid  with     %  by  i^-inch  oak. 
aid  with  I'^ie  by  i^/^-inch  oak. 


These  figures  presuppose  that  the  flooring  is  laid  straight  across 
the  room.  When  the  flooring  is  laid  to  form  some  design,  or  where 
there  is  cutting  to  fit  around  hearths  or  other  projections,  greater 
percentages  should  be  added  according  to  the  amount  of  cutting. 
All  bay-windows  and  other  offsets  that  are  to  be  floored  should  be 
figured  separately  from  the  main  floor. 

326.  LAYING  AND  NAILING  OF  FLOORING,  i.  Lay- 
ing  the  Flooring.  In  starting  to  lay  the  hardwood  flooring,  it  is 
recommended  that  a  space  be  left  between  the  first  strip  and  the 
studding  or  wall,  that  can  be  covered  with  the  base  and  quarter- 
round.  This  space  should  be  left  at  the  ends  and  the  opposite  side 
also,  so  that  in  case  the  flooring  swells  it  will  have  room  to  spread 
without  crowding  the  studding  or  wall  and  thus  buckling  and  spoil- 
ing the  surface.  Care  should  be  taken  to  see  that  the  first  strip  is 
laid  straight  across  the  room  and  that  each  succeeding  one  is  laid 
in  the  same  manner.  If  the  flooring  is  not  laid  straight,  it  will 
throw  off  the  end-matching,  which  is  at  right-angles,  and  leave  an 
opening  between  the  ends.  To  make  sure  of  getting  it  straight, 
after  three  or  four  courses  are  laid,  one  edge  of  a  4  by  4-inch  piece 
should  be  placed  against  the  tongue,  and  the  opposite  edge  hit  with 
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a  sledge.  This  will  force  each  strip  to  "shoulder-up"  tight  against 
the  preceding  one,- and  insure  an  absolutely  tight  joint  and  perfect 
alignment.  It  should  not  be  forced  so  tight  that  it  will  buckle. 
The  appearance  of  a  floor  can  be  improved  very  materially  if  a 
little  care  is  exercised  in  not  putting  together  strips  that  show  too 
great  a  contrast  in  color. 

2.  Nailing  the  Flooring.  The  nailing  is  very  important  and 
should  be  given  special  attention.  The  ^%6-inch  flooring  should  be 
nailed  every  16  inches  with  an  eightpenny,  cut,  flooring-brad,  and 


Fig.  562.     Eightpenny     Cut- 

Q*»«l        Kail         fr^r      »/.^Tnrh 


Steel     Nail 
Flooring. 


for    *VirInch 


Fig.  563.  Nail  Shown  in 
Fig.  562.  Driven  and 
Set. 


Fig.  564.  Threepenny 
Nail  for  >f-Inch 
Flooring. 


/ 


S!^ 


Fig.  56^.  Nail  Shown 
in  Fig.  564,  Driven 
and  Set. 


the  %-inch-thick  flooring  should  be  nailed  every  8  or  10  inches  with 
a  threepenny  finishing-nail.  Before  the  nail  is  started,  the  strip 
should  be  shouldered-up  against  the  preceding  one.  The  nails 
should  be  driven  at  an  angle  of  55  degrees.  Fig.  562  shows  the 
eightpenny,  cut,  flooring-brad  in  the  position  in  which  it  should  be 
held  in  starting,  and  Fig.  563  shows  the  same  nail  after  it  has  been 
driven  its  entire  length,  and  set.  Figs.  564  and  565  show  the  same 
positions  respectively  for  the  threepenny  finishing-nail.  If  the  nail 
is  driven  too  straight,  it  will  split  the  tongue,  and  will  not  draw 
the  flooring  up ;  and  if  driven  too  slanting,  it  will  cause  the  flooring 
to  buckle.  After  the  nail  has  been  driven  almost  its  entire  length, 
it  should  be  given  a  final  blow  with  the  hammer  to  set  it  and  to 
draw  the  flooring  tightly  together.  It  should  not  be  continually 
tapped  with  the  hammer  after  it  is  driven  up,  as  this  will  work  the 
nail  loose  again.     In  setting  the  nail,  care  should  be  taken  not  to 
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bruise  the  face  of  the  flooring,  as  this  will  leave  an  opening  be- 
tween the  strips  and  mar  the  appearance  of  the  surface. 

The  sizes  of  cut-steel  nails  for  different  thicknesses  of  flooring 
are  as  follows: 

For  1%6-inch  thickness,  eightpenny  nails. 
For    'Jie-inch  thickness,  fourpenny  nails. 
For    %-inch  thickness,  threepenny  nails. 

The  maximum  distance  between  nails  for  the  various  thicknesses 
of  flooring  should  be  as  follows: 

For  i^ie-inch  thickness,  i6  inches. 
For  %6-inch  thickness,  12  inches. 
For    %-inch  thickness,  10  inches. 

If  the  nails  are  driven  somewhat  closer  together  than  the  dis- 
tances above  mentioned,  still  better  results  will  be  obtained. 

327.  SCRAPING  AND  SANDPAPERING  FLOORING. 
After  the  hardwood  flooring  is  laid  and  thoroughly  swept,  it  is 
better  to  scrape  it,  in  order  to  get  the  best  results  for  a  nicely 
polished  surface.  This  scraping-process  can  be  done  by  the  ordi- 
nary scrapers,  such  as  are  used  by  cabinet-makers,  or  by  one  of  the 
many  types  of  power  or  hand-scraping  machines  that  are  generally 
used  by  contractors  and  carpenters.  The  scraping  should  always 
be  lengthwise  of  the  wood  and  not  across  the  grain.  A  floor  prop- 
erly scraped  looks  very  smooth,  but  it  should  be  thoroughly  gone 
over  with  No.  i^  sandpaper  to  obtain  the  best  results  in  finishing. 
After  this,  the  floor  should  be  swept  clean,  and  the  dust  removed 
with  a  soft  cloth.     The  floor  is  then  ready  for  the  finish. 

328.  PARQUET-FLOORING.  Ornamental  flooring,  other 
than  ordinary  hardwood  flooring,  is  now  generally  divided  into  two 
classes :  "parquet"-flooring  and  "parquetry"-flooring.  Parquet- 
flooring  is  really  tongued-and-grooved  strip-flooring  carefully  han- 
dled and  specially  worked  until  it  is  practically  a  cabinet-maker's 
product  rather  than  the  product  of  a  flooring-mill.  In  most  of  this 
parquet-flooring,  the  tongue-and-groove  is  in  the  middle  of  the 
edge  and  a  good  contact- joint  is  made  both  on  the  upper  and  lower 
face  between  each  strip  and  its  neighbor.  This  prevents  the  tend- 
ency, common  in  ordinary  tongued-and-grooved  flooring-strips,  to 
push  up  at  the  joints  during  damp  weather,  if  the  bevel  is  formed 
by  the  undercutting  on  the  edge.  The  undercut  on  ordinary 
tongued-and-grooved  flooring  is  made  partly  to  enable  the  carpenter 
to  lay  the  boards  more  easily  and  quickly ;  also  to  prevent  warping. 
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This  parquet-flooring  is  also  made  so  exactly  to  size  that  it  can 
be  used  in  various  patterns  by  cutting  into  shorts  and  double- 
grooving,  or  tongue-and -grooving,  the  ends.  The  patterns  most 
used  are  similar  to  the  designs  shown  in  Figs.  566,  567  and  568  and 
those  of  the  "wood-carpet"  square,  shown  in  Fig,  570.     In  most 


of  these  patterns  the  two  ends  of  the  pieces  are  grooved  and  sh'p- 
tongues  are  used.  Each  short  strip  is  nailed  independently  in  the 
same   manner   as   is   the   ordinary   tongued-and-grooved    flooring. 


Fig.  567.     Hardwood  Floori.  in  Patlerni  and  "Herring-Bone" 
Effects. 

Much  of  this  parquet-flooring  in  long  strips,  or  in  patterns,  such 
as  squares,  rhombs,  herring-bones,  etc.,  is  made  of  various  fancy- 
colored  and  figured  woods,  eilher  solid  or  veneered  onto  a  pine  or 
chestnut  backing.  Most  of  the  fine  old  floors  in  Europe  were  made 
of  this  parquet-flooring  and  such  floors  are  duplicated  in  the  United 
States  with  great  frequency. 

Both  parquetry  and  parquet-flooring,  after  being  laid,  must  be 
thoroughly  scraped.     Very  little  planing  is  done  since  the  invention 
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of  the  veneer- scraper.  Floors  must  be  veneer-scraped,  touched  up 
here  and  there  with  a  small  cabinet-scraper,  and  smoothed  with 
No.  I  sandpaper.  Opinions  vary  as  to  the  proper  method  of  finish- 
ing. Thin  parquetry-flooring  is  usually  filled,  after  the  holes  made 
by  t^le  countersunk  nail-heads  have  been  puttied,  and  the  floor 
finished  either  in  varnish, 
shellac,  or,  best  of  all,  shellac 
and  wax.  Thick  floors  are 
sometimes  filled  and  then 
finished  in  shellac  and  wax  and 
sometimes  simply  finished  in 
shellac  and  wax.  Occasionally 
nothing  but  wax   is  used. 

Both  thin  parquetry  and 
parquet-flooring  are  manu- 
factured in  several  good  fac- 
tories in  this  country.  The 
price  varies  slightly  with  the 
quality  of  work  in  the  diflfer- 
ent  plants.  All  these  manu- 
facturers supply  books  of  in- 
struction on  laying  and  finish- 
ing according  to  the  most  up- 
to-date  methods.  It  is  most 
important  in  the  manufacture 
of  ornamental  hardwood  floor- 
ing that  the  lumber  be  well 
seasoned  and  thoroughly  kiln- 
dried.  After  that  it  is  neces- 
sary that  it  be  kept  in  tight, 
heated,  storerooms,  until  the 
moment  of  shipment  and  then 
rushed  to  the  job  as  quickly  as 
possible.  Heat  should  be  in 
the  building  before  the  flooring 
is  laid.  The  flooring  should  be 
the  last  thing  installed.  The  trim  should  be  set  and  the  plastering 
and  papering  completed  before  the  floors  are  laid. 

The  largest  manufacturers  of  parquetry,  or  wood  mosaic,  and 
parquet-flooring  have  floor-laying  agencies  in  most  of  the  large 
and  many  of  the  small  cities  in  the  United  States  and  Canada. 
These  agencies  are  thoroughly  up-to-date  in  methods  of  finishing. 
They  have  at  their  disposal  for  reference,  the  manufacturers'  col- 
lections of  design-books  and  photographs  of  famous  installations 


Fig,  568, 
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abroad  and  at  home,  and  are  equipped  to  do  special  work  in  col- 
laboration with  the  architect  and  decorator. 

329.  PARQUET-FLOORING  FOR  FIRE-PROOF  BUILD- 
INGS, The  modern  demand  for  buildings  of  fire-proof  construc- 
tion lias  brought  forth  many  fire-proof  floors.  The  objection  to 
some  of  them,  however,  is  that  they  are  more  or  less  noisy,  or 
uncomfortable  to  walk  or  stand  upon.  No  flooring-material  has 
taken  the  place  of  wood  for  comfort  and  artistic  effects,  whatever 
may  be  said  against  it  as  a  non-fire-resisting  material.  Steel-woven 
flooring  *  has  been  invented  to  be  applied  to  the  concrete  subfloor 
so  that  it  will  not  be  part  of  the  construction  of  the  building  any 
more  than  are  the  chairs,  desks  and  other  furniture.     It  is  some- 


Fig.  J«9.    Parquet-Flcwring  /or  HreFroof  Buildings. 

times  stated  that  this  steel-woven  flooring  is  not  attached  to  the 
concrete  and  this  is  virtually  true.  Two  wall-strips  (see  Fig.  569) 
are  lightly  attached  to  the  concrete  by  means  of  a  few  short  pieces 
of  wood,  8  inches  long,  let  into  the  subfloor.  From  the  inside  edge 
of  the  second  strip,  4-inch  square  blocks,  ^%a  of  an  inch  or  1%  inches 
in  thickness,  are  woven  by  means  of  steel  bands  into  a  gigantic  mat 
which  lies  of  its  own  weight  on  the  floor.  One  advantage  of  this  con- 
struction is  that  it  results  in  a  sort  of  air  cushion  which  makes  the 
floor  almost  noiseless  to  walk  upon.  The  principal  advantage,  how- 
ever, is  that  when  exposed  to  extremely  damp  weather  or  accidental 
flooding,  this  floor  can  swell  as  a  whole  and  the  expansion  be  taken 
up  by  a  compression-strip  between  the  two  wall-strips;  and  that 
when  it  dries  out  again  the  blocks  shrink  individually,  forming  only 
hair-line  cracks,  which  are  not  noticeable,  around  each  block.  This 
steel- woven  parquet- flooring  is  generally  made  from  quartered 
white  oak,  but  it  is  sometimes  composed  of  teak  or  other  hard- 
woods of  different  colors.     The  grain  is  reversed  on  each  alternate 

*  Made  br  the  Wood-Mosaic  Flooring  and  Lumber  Company,  Rochater,  N.  Y. 
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block.  This  floor  is  finished  as  are  other  parquetry-floors  and  in- 
structions for  handling  them  are  issued  by  the  manufacturers. 

The  great  fire  which  destroyed  a  large  part  of  the  business  sec- 
tion in  Baltimore  was  fought  from  the  city  court-house.  Six  lines 
of  hose  were  laid  through  the  Baltimore  Bar  library,  which  was 
floored  with  this  steel-woven  parquet- flooring.  For  many  hours 
the  floor  was  flooded.  About  six  months  after  the  fire  the  floor 
was  merely  refinished  and  is  in  as  good  condition  as  when  it  was 
laid. 

330.  PARQUETRY-FLOORING,  i.  De/iniHon.  Parquetry, 
sometimes  known  as  "wood  mosaic,"  includes  parquetry-strips, 
"wood  carpet"  and  the  so-called  "parquetry." 

2.  Parquetry-Strips.  These  are  ^s  of  an  inch  In  thickness 
with  jointed  square  edges  and  vary  in  width,  the  stock  sizes  being 
usually  i!4s,  I'/i  and  2  inches.  They  are  made  in  many  different 
hardwoods  of  different  colors,  but  probably  90  per  cent  of  the 
parquetry-strips  used  are  quartered  white  oak.  They  are  of  ran- 
dom lengths,  from  about  4  feet  up.  Joints  are  broken  on  the  floor 
and  the  strips  are  squeezed  up  very  tightly  and  face-nailed  about 
every  4  inches. 

3.  Wood  Carpet.  This  is  made  from  short  pieces  of  parquetry- 
strips  squeezed  together  on 'a,  frame  or  table,  and  with  cloth  glued 

to  the  back.  After  being  trimmed  on 
the  ends,  it  is  shipped  either  in  rolls  or 
in  slabs  about  2  feet  wide.  In  slab- 
form  the  carpet  can  be  better  -protected 
in  shipping  and  more  conveniently 
handled.  Wood-carpet  is  largely  used 
in  bedrooms,  laid  in  panel-effect,  and 
in  hallways.  A  very  handsome  floor 
(see  central  part  of  Fig.  57a)  can  be 
made  of  squares  cut  from  this  wood 
carpet.  This  is  probably  the  favorite 
Fig.  570.  "Wood  Carpet."  parquetry-field  design.  Other  shaped 
sections,  such  as  rhombs  or  hexagons, 
etc.,  are  cut  from  the  same  wood  carpet. 

4.  Fancy  Parquetry.  This  is  made  of  51e-inch  strips  and  small 
blocks  of  hardwood  glued  together  at  the  edges  to  form  patterns 
and  backed  either  by  canvas  or  very  thin  veneer.  Different  col- 
ored woods  are  very  frequently  used  to  pick  out  the  patterns  (see 
border  in  Fig.  570).  These  borders  usually  vary  from  6  inches 
to  24  inches  in  width  and  are  12  feet  in  length.  Fancy-parquetry 
fields  are  also  made  of  ^6-inch  small  blocks  glued  together  in  pat- 
terns.    Some  designs  are  all  of  one  wood,  usually  quartered  oak. 
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and  depend  for  the  pattern  on  the  change  of  direction  of  the  grain. 
Many  different  colored  natural  woods  are  used  in  other  patterns. 
These  fancy  parquetry  or  wood-mosaic  fields  are  usually  made 
up  of  12-inch  widths  and  4-feet  lengths.  Fancy-parquetry  fields 
and  borders  are  sometimes  made  ^%6  of  ^an  inch  thick  by  laying 
veneer  on  a  panel-backing.  The  edges  of  the  panels  are  grooved 
and  the  floor  blind-nailed  through  slip-tongues. 

5.  Cost.  The  cost  of  parquetry-flooring  varies  with  the  elab- 
orateness of  the  design,  or  pattern,  and  the  expensiveness  of  the 
woods  used.  The  prices  range  from  about  8  cents  for  parquetry- 
strips  to  10  to  15  cents  for  wood-carpet  squares  and  from  15  to  25 
cents  per  square  foot  for  thin,  fancy  parquetry.  The  veneering  to  a 
^9ie-inch  total  thickness  adds  from  12  to  15  cents  per  square  foot. 
These  prices  do  not  include  the  expense  of  laying. 

6.  Laying.  Thin  parquetry  is  best  laid  over  a  double  floor  but 
is  usually  laid  on  top  of  a  single  floor.  Formerly  sometimes  only 
a  border  was  provided  and  the  center  left  depressed  for  a  rug. 
This  method  is  rarely  followed  now,  owing  to  the  fact  that  nearly 
every  one  wants  a  hardwood  floor  for  sanitary  reasons  if  for  no 
other  and  a  depression  to  gather  dust,  etc.,  defeats  this  purpose. 
Small  rugs,  also,  are  used  more  frequently  than  large  ones  and  the 
co5t  of  a  large  border  is  very  little  less  than  that  of  a  whole  floor, 
owing  to  the  fact  that  most  of  the  labor  is  involved  in  fitting  the 
outside  of  the  room.  Thin  parquetry  is  secured  to  the  subfloor 
by  ij4-inch  wire  brads  if  the  underfloor  is  of  softwood,  or  by 
i-inch  brads  if  of  hardwood.  The  brads  are  driven  through  the 
top  and  countersunk  for  puttying.  From  20  to  40  brads  to  the 
square  foot  are  generally  used. 

7.  Subfloors  for  Parquetry.  Narrow  matched  pine  boards,  well 
dried  out  and  well  nailed,  make  the  best  underfloor.  In  old  resi- 
dences such  a  foundation  cannot  always  be  had.  Many  floors  are 
laid  over  as  inferior  a  subfloor  as  hemlock.  It  pays,  however,  to 
have  a  good  matched  subfloor  of  thoroughly  dry  material.  The 
parquetry-floor  then  stands  better  and  is  n.ach  more  satisfactory 
in  every  way.  Subfloors  should  run  diagonally,  if  possible.  In 
no  case  should  the  parquetry  be  laid  parallel  with  the  subfloor. 
Foundation-floors  must  be  made  true  and  level  by  traversing,  as 
inequalities  in  the  foundation  will  cause  a  great  deal  of  extra 
scraping  on  the  parquetry  and  the  job  will  never  be  as  good. 

8.  Paper  between^  Floors.  A  thickness  of  good  sheathing- 
paper,  preferably  water-proof,  should  be  evenly  laid  over  the  sub- 
floor  and  the  parquetry  laid  on  top. 

9.  Dry  Material  and  Warm  Rooms.  If  thin  parquetry-floors 
are  not  to  open  at  the  joints,  it  is  essential  that  the  material  be 
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thoroughly  dry  when  laid.  The  floor  will  stand  much  better  if 
there  is  heat  in  the  house.  It  is  absolutely  necessary,  if  a  good  job 
is  required,  that  a  new  house  be  heated  for  a  few  weeks  before  the 
flooring  is  put  down. 

15.     SUPERINTENDENCE  OF  INTERIOR  WOODWORK. 

331.  SUPERINTENDENCE  OF  INTERIOR  WOOD- 
WORK. I.  Importance  of  Careful  Inspection,  Although  the 
interior  finish  of  a  building  is  not  of  such  vital  importance  as  the 
constructive  portion,  yet  the  impression  which  a  building  makes 
upon  the  owner,  or  the  occupants,  is  largely  determined  by  the  char- 
acter of  the  finish  and  the  care  exercised  over  minor  details.  The 
architect  or  his  superintendent  should  give  as  much  care  to  the  in- 
spection of  the  finish  as  to  any  other  portion  of  the  work,  and 
should  especially  look  after  all  the  little  things  to  see  that  they 
have  not  been  overlooked  by  the  workmen,  or  improperly  done. 
The  young  architect  should  remember  that  every  defect,  whether 
in  material  or  workmanship,  is  quite  sure  to  be  discovered  in  time, 
and  may  reflect  seriously  upon  the  person  whose  business  it  was 
to  look  out  for  and  correct  it. 

2.  Inspection  of  Stock,  As  soon  as  the  stock  for  the  interior 
work  is  delivered  at  the  building  it  should  be  closely  examined  for 
defects,  such  as  sap,  knots  or  pitch,  and  any  defective  pieces  should 
be  marked  in  such  a  way  that  there  will  be  no  chance  of  their  being 
used.  If  the  superintendent  has  not  entire  confidence  in  the  work 
of  the  contractor,  he  should  endeavor  to  ascertain  personally  if  the 
finish  has  been  dried  as  required  by  the  specifications,  or  test  it  as 
described  in  Art.  15. 

3.  Inspection  of  Doors,  The  doors  will  of  course  be  made  at 
the  shop,  and  as  it  is  not  always  possible  to  tell  from  the  appearance 
of  the  completed  door  whether  or  not  it  has  been  made  according 
to  the  specifications,  a  written  guarantee  should  he  required  for  all 
hardwood  doors.  By  examining  the  edges  of»a  veneered  door,  the 
thickness  of  the  veneer  can  be  seen.  The  ends  of  the  doors  will 
also  generally  show  how  the  stiles  have  been  glued  up. 

4.  Smoothing  Up/  After  the  stock  for  the  joiners'  work  has 
been  inspected  it  should  be  carefully  smoothed  up  by  hand,  unless 
this  has  been  done  by  special  machinery  at  the  mill  (see  Art.  236), 
and  the  superintendent  should  see  that  this  work  is  thoroughly  done. 

5.  Comparing  Work  with  Detail  Drawings.  All  moldings, 
panel-work,  etc.,  should  be  carefully  compared  with  the  detail  draw- 
ings to  see  that  the  latter  have  been  carefully  followed,  and 
that  the  door-frames  are  placed  so  that  the  doors  will  swing  as 
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shown  on  the  plans.  It  often  happens  that  it  is  advisable  to  swing 
a  door  in  a  different  direction  from  that  indicated  on  the  plan, 
owing  to  a  register-opening  or  radiator  coming  in  the  way.  In  such 
cases  the  superintendent  should  consult  with  the  architect  regarding 
the  proper  change  to  be  made  before  the  frame  is  set. 

The  superintendent  should  also  take  pains  to  see  that  the  details 
for  the  fittings,  etc.,  will  work  out  properly  to  fit  their  allotted 
place  in  the  building,  and  that  all  changes  are  made  that  may  be  re- 
quired on  account  of  alterations  from  the  original  plans. 

6.  Testing  Door-Frames.  Door-frames  should  be  tested  to  see 
that  the  jambs  are  plumb  and  the  heads  level.  A  frame  is  often 
set  so  that  the  head  is  not  square  with  the  jambs.  Such  unsightly 
work  should  be  guarded  against.  The  superintendent  should  cau- 
tion the  foreman  of  the  joiners  to  have  the  nails  driven  in  the 
quirks  of  the  moldings,  whenever  possible,  in  putting  up  the  finish. 

7.  Spliced  and  Crooked  Moldings,  Loose  Sash,  etc.  If  the  cas- 
ings or  architraves  for  the  doors  and  windows  are  sent  to  the 
building  in  random  lengths,  the  superintendent  should  be  watchful 
to  see  that  the  carpenter  does  not  undertake  to  splice  them  (see 
Art  25b),  and  it  will  be  well  to  caution  the  foreman  beforehand 
that  this  must  not  be  done.  Horizontal  finish,  such  as  bases, 
chair-rails,  cornices  and  picture-moldings,  must  occasionally  be 
spliced,  and  in  such  cases  the  superintendent  should  see  that  the  ad- 
joining pieces  are  properly  matched  and  jointed.  Another  matter 
that  should  be  carefully  watched  is  the  putting  up  of  the  chair-rails 
and  picture-moldings.  The  joiner  often  puts  these  up  "by  his  eye," 
which  is  sometimes  not  very  true,  so  that  when  the  walls  are  pa- 
pered or  decorated  it  will  be  found  that  the  moldings  are  far  from 
level,  and  the  fact  will  be  made  conspicuous  by  the  frieze  or  pattern 
of  the  paper  or  decoration.  The  superintendent  should  test  all 
such  moldings  by  measuring  from  the  floor  or  ceiling,  or  by  a 
spirit-level.  Before  the  house  is  turned  over  to  the  painter  ^the 
superintendent  should  try  all  the  doors  and  windows  to  see  that 
the  former  swing  and  shut  properly,  and  that  the  latter  move  easily 
up  and  down  without  being  loose  enough  to  rattle  and  that  the  sash 
are  properly  balanced  and  hung  with  the  proper  cord  or  ribbon. 
If  any  are  found  that  do  not  work  properly  he  should  see  that  they 
are  fixed  before  the  painters  or  finishers  commence  work. 

8.  Inspecting  Stair-Work.  The  erection  of  the  stairs  should  be 
carefully  watched  to  see  that  they  are  put  up  in  accordance  with 
the  specifications  and  in  a  workmanlike  manner.  If  they  are  built 
by  the  Boston  method  (see  Art.  299)  the  carriages  should  be  ex- 
amined to  make  sure  that  they  are  so  placed  that  the  treads  will 
be  perfectly  level  and  the  risers  all  of  the  same  height.     The  work- 
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men  sometimes  make  mistakes  in  cutting  the  carriages,  and  then 
try  to  make  them  answer  by  tipping  them  slightly  or  by  adding 
to  the  upper  and  lower  risers  if  they  are  too  short,  or  by  cutting 
a  little  off  these  risers  if  the  carriages  are  too  long.  Such  misfits 
should  be  carefully  watched  for  and  condemned  immediately  on 
detection.  The  cost  of  a  new  set  of  carriages  is  insignificant  com- 
pared to  the  harm  done  to  the  stairs.  When  built  by  the  English 
method  the  wedging  and  blocking  up  of  the  finish-work  from  the 
carriages  should  be  carefully  looked  after. 

9.  Comparing  Work  with  Specifications.  As  the  work  draws 
toward  completion  the  superintendent  should  carefully  read  the 
specifications,  make  notes  of  everything  that  has  not  been  done,  or 
that  he  is  not  sure  has  been  done  properly,  and  have  any  work  that 
is  not  properly  put  up  corrected. 
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Builders'  Hardware.* 


1.    ROUGH  HARDWARE. 


332.  CLASSIFICATION.  Although  it 
ble  for  the  architect  to  keep  posted  on  all 
that  the  market  contains  in  the  way  of 
"builders'  hardware,"  it  is  necessary  that 
he  be  familiar  with  the  kinds  and  qualities 
of  hardware  in  common  use,  so  that  he  may 
be  able  to  specify  or  select  such  hardware 
as  is  best  adapted  to  his  purpose  and  to 
distinguish  between  the  different  qualities. 
Builders'  hardware  may  be  divided  into 
two  classes,  rough  hardware  and  finished 
hardware.  The  latter  is  usually  designated 
"shelf  hardware"  or  "trimmings." 

333.  PRINCIPAL  KINDS  OF 
ROUGH  HARDWARE.  The  principal 
forms  of  hardware  in  this  class  comes  un- 
der the  head  of  nails,  screws  and  bolts. 

334.  NAILS.  Based  upon  the  process 
of  manufacture  there  are  three  kinds  of 
nails  in  common  use,  namely,  plate  or  cut 
nails,  wire  nails,  and  clinch-nails.  These 
are  briefly  described  in  the  following  sub- 
divisions of  this  article  and  other  data 
bearing  on  the  subject  is  included. 


is  practically  impossi- 


Fig.  571.     Cut  Nails,  8d  Size. 


*  Much  valuable  data  for  the  revision  of  this  chapter  was  furnished  by  the  following 
firms:  The  Yale  &  Towne  Manufacturing  Company,  New  York  City;  Sargent  &  Company, 
New  Haven,  Conn.;  the  Russell  &  Erwin  Manufacturing  Company,  New  Britain,  Conn.; 
P.  ft  F.  Corbin,  New  Britain,  Conn.;  The  Stanley  Works,  New  Britain,  Conn.;  The 
Richards- Wilcox  Manufacturing  Company,  Aurora,  111.;  Bommer  Brothers,  Brooklyn,  N.  Y.; 
The  Chicago  Spring  Butt  Company,  Chicago,  III.  In  addition  to  these  firms,  many  rep- 
resentatives of  the  manufacturers  of  hardware  specialties  have  furnished  new  and  revised 
matter. 
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1.  Cut  Nails.  Cut  nails  are  made  from  a  strip  of  rolled  iron  or  steel  of 
the  same  thickness  as  the  finished  nail  and  a  little  wider  than  its  length, 
the  fiber  of  the  iron  being  parallel  with  the  length  of  the  nail.  Special  ma- 
chinery cuts  the  nails  out  in  alternate  wedge-shaped  slices,  the  heads  are 
then  stamped  on  them  and  the  finished  nails  dropped  into  the  casks.  Cut 
nails  made  from  iron  are  generally  preferred  for  use  in  exposed  positions. 

Cut  nails  are  made  in  a  variety  of  shapes  to  suit  special  uses.  For  ordi- 
nary use  in  building,  nails  of  three  different  shapes  are  made,  and  the  nails 
are  called  "common  nails,"  "finish-nails"  and  "casing-nails."  Fig.  571  gives 
the  exact  size  and  shape  of  an  eighfpenny  nail  of  each  kind.  The  common 
nails  are  used  for  rough  work,  finish-nails  for  finished  work,  and  casing- 
nails  for  flooring,  matched  ceiling  and  sometimes  for  pine  casings,  although 
the  heads  are  rather  too  large  for  finish-work.  Cut  nails  are  beginning  to 
return  to  favor  as  they  have  holding-power  and  lasting-qualities  superior  to 
wire  nails. 

2.  Brads.    Brads  are  thin  nails  with  a  small  head,  used  for  small  finish, 

panel-moldings,  etc.  They 
vary  from  %  oi  3in  inch 
to  2  inches  in  length. 

3.  Clout- Nails.  Clout- 
nails  are  made  with  broad, 
flat  heads,  and  are  sold  in 
sizes  varying  from  ^  to 
214  inches  in  length.  They 
are  used  chiefly  for  fast- 
ening gutters  and  metal- 
work. 

Special  nails  are  also 
made  for  lathing,  slating, 
shingling,  etc. 

4.  Wire  Nails.  These 
have  of  late  years  become 
as  common  as  the  cut  nails, 
and  are  sold  at  about  the 
same  price.  They  are  said 
to  be  stronger  for  driving 
than  the  cut  nails,  not  so 
liable  to  bend  or  break, 
especially  when  driven  into 
hard  woods,  and  less  liable 
to  split  the  wood;  for 
these  reasons  they  are 
generally  per f erred  by  car- 
penters. 

Wire  nails  are  made  from  wire  of  the  same  section-diameter  as  the  shank 
of  the  nail,  by  a  machine  which  cuts  the  wire  in  even  lengths,  heads  and 
points  them,  and,  when  desired,  also  barbs  them.  Fig.  572  gives  full-size 
illustrations  of  the  various  types  of  wire  nails  in  common  use.  In  general 
the  same  classification  is  used  for  cut  nails.    It  should  be  noticed  that  the 
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gauge  of  the  wire  and  the  shape  of  the  head  varies  in  the  different  kinds, 
and  that  some  are  barbed,  others  plain.  The  various  types  of  wire  nails 
are  drawn  "round,"  "smooth"  or  "barbed,"  for  the  domestic  trade;  for  ex- 
port they  are  drawn  "oval,"  "square,"  or  "diamond-shaped,"  according  to 
the  country  to  which  they  are  to  be  shipped  and  the  requirements  of  that 
country.  It  is  customary  to  charge  15  cents  more  per  100  pounds  for  stand- 
ard nails,  "barbed,"  than  for  the  same  nails  "smooth." 

5.  Clinch-Nails.  These  are  made  from  open-hearth  or  Bessemer-steel 
wire.  Any  ordinary  wire  nail  will  clinch,  especially  when  made  with  "duck- 
bill" or  flattened  points  for  clinching  purposes,  or  even  otherwise,  if  an- 
nealed. These  nails  are  used  only  in  places  where  it  is  desired  to  turn  over 
the  ends  of  the  nails  to  form  a  clinch,  as  in  the  case  of  battens  or  cleats. 

6.  Lengths  and  Weights  of  Nails.  The  lengtlf  of  nails  is  designated  by 
"pennies"  (ds).  This  classification  originally  represented  the  price  in  English 
pence  per  100  nails,  as  2d  per  100,  etc.  In  that  sense  it  is  of  course  now 
obsolete,  but  it  is  still  retained  and  is  practically  uniform  with  the  various 
manufacturers,  both  for  cut  and  wire  nails.  The  weights  run  from  two- 
pennies to  sixtypennies,  with  the  lengths  given  in  the  following  table,  the 
gauge-number  being  for  wire  nails: 

TABLE  X. 

Names,  Lengths  and  Gauges  of  Nails,  with  Number  to  the 

Pound. 


Name. 

Length  in  inches. 

Gauge. 

Number  to 
the  pound.* 

2d    

k 

8 

2^ 

8 

854 
8j5 
4 

i}^ 
6 

6 

16 
I5y» 
14 
12K 

1154 

10^ 
0 
9 
8 
6 
5 
4 
3 
2 

87« 

600 

568 

816 

271 

181 

161 

106 

96 

69 

63 

49 

81 

24 

18 

14 

11 

Sd.  fine      

3d,  common   

4d    

6d    

6d    

7d    

8d    

9d    

1 0d    

12d    

1 6d 

20d     

sod     

40d    

60d    

60d    

The  length  of  the  various  kinds  of  nails  illustrated  is  the  same  for  the 
corresponding  "penny,"  but  the  gauge-number  varies  slightly. 

7.  Sizes  of  Nails  for  Different  Classes  of  Work.  Contractors  who  value 
their  reputation  may  be  relied  upon  to  use  nails  of  proper  size;  but  unfor- 
tunately there  are  many  builders  who,  for  the  sake  of  saving  a  few  cents, 
will  use  smaller  nails  than  the  work  demands,  and  to  insure  against  this  it 
is  well  in  certain  classes  of  work  to  specify  the  sizes  which  are  to  be  used. 


*  These  quantities  vary  slightly  with  different  manufacturers.     The  table  was  revised 
from  data  furnished  by  the  American  Steel  &  Wire  Company,  New  York  City. 
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appearance  than  nails,  have  greater  holding-power  and  are  less  apt 
to  injure  the  material  if  it  should  be  removed  and  replaced.  By 
making  holes  for  the  screws  with  a  bit,  all  danger  of  splitting  the 
finish  is  averted.  The  ordinary  type  of  screw  has  a  gimlet-point 
by  which  it  can  be  turned  into  the  wood  without  the  aid  of  a  bit. 
The  heads  are  made  in  various  forms  to  suit  different  uses.  Fifteen 
types  are  shown  in  Figs.  573  and  574,  including  one  form  of  headless 
screw  and  one  dowel-screw. 

Screws  are  made  ordinarily  of  steel,  but  sometimes  of  brass  and 
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Pinched  Hokd. 


Winged. 


Fig.  574.     Various  Types  of  Screws 


bronze.  The  latter  sort  are  used  for  screwing  in  place  finished 
hardware  of  the  same  material,  and  have  heads  finished  to  corre- 
spond with  the  trimmings.  Steel  screws,  also,  are  finished  with 
blue,  bronze,  lacquered,  galvanized,  or  tinned  surface,  to  match 
the  cheaper  class  of  trimmings.  The  galvanized  finish  is  used  in 
building  operations  at  the  seashore.  Screws  with  blue  surface, 
called  *'blued  screws,*'  are  generally  used  with  japanned  hardware 
and  for  stop-beads,  and  wherever  a  cheap  round-headed  screw  is 
desired.  Silver,  nickel,  and  gold-plated  screws  are  also  manufac- 
tured for  use  in  connection  with  similar  hardware.  Steel  screws 
for  wood  are  made  in  twenty  different  lengths,  varying  from  J4 
of  an  inch  to  6  inches,  and  each  length  of  screw  has  from  six  to 
eighteen  varieties  in  thickness,  there  being  in  all  thirty-one  differ- 
ent gauges ;  so  that  altogether  there  are  in  market  about  two  hun- 
dred and  fifty  different  sizes  of  ordinary  screws  used  for  woodwork. 
In  ordering  screws  both  the  length  and  number  of  the  gauge  or 
diameter  of  the  shank,  the  material  and  finish,  and  the  use  to  which 
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screw 
point, 
driven 
entire 


No.  Diam. 

0  .0578 

1  .0710 

2  .084J 

3  -0973 


.1105 


5  .1236 

6  .1368 


7  .1500 


8  .1631 


9  .1763 


.1894 


.2026 


.2158 


3  .2289 


4  .2421 


S  .2ssa 


No.  Diam. 


16  .2684 


17  .2816 


18  .2947 


20  .3210 


22  .3474 


24  '27Z7 


they  are  to  be  put,  should  be  given.    Fig.  575  gives  the  exact  sec- 
tion of  each  gauge  of  American  screws. 

F^S'  574*  shows  a  patent 
which  has  a  diamond 
This  allows  it  to  be 
with  a  hammer  its 
length  into  any  hard 
wood,  and  then  held  by  one  or 
two  turns  as  securely  as  the 
ordinary  screw. 

Besides  the  ordinary  wood- 
screws  there  are  lag-screws 
and  hand-rail  screws  or  joint- 
bolts,  both  of  which  are  much 
used  by  builders.  Hand-rail 
screws  are  illustrated  in  Fig. 
536,  Chapter  V.  Lag-screws 
and  fetter-drive  lag-bolts,  which 
are  used  only  in  wood,  have  a 
conical  point  (Fig.  576),  deep 
threads  and  a  square  head,  like 
that  of  an  ordinary  bolt;  they 
are  turned  by  a  wrench.  They 
are  made  from  We  of  an  inch 
to  I  inch  in  diameter  and  from 
i¥t  to  12  inches  long.  Lag- 
screws  larger  than  %  an  inch 
are  seldom  gimlet-pointed  as  a 
hole  is  usually  bored  for  them 
before  they  are  inserted.  In 
framing  they  are  often  used  in- 
stead of  bolts. 

Coach-screws  are  similar  to  lag-screws,  except  that  they  have  a 

□    .  gimlet-point.    They     are     not 

some  manufacturers  list  a  %- 

□_.^^^^^^^^^  inch  variety. 

JP^^  336.    BOLTS.    About     the 

only    shape   of   bolt   used   by 
Fig.  576.   Lag  and  CoachScrewa.  builders  IS  the  commou  round 


26    .4000 


a8    .4263 


30    .4526 


Fig.  575.    American  Screw-Gauge 


*  Manufactured  by  the  Russell  &  Erwin  Manufacturing  Company,  New  Britain,  Conn. 
The  American  Screw  Company,  Providence,  R.  I.,  and  several  other  manufacturers  also 
make  drive-screws.    The  drive-screw  is  shown  at  the  left,  in  Fig.  574. 
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bolt  with  square  head  and  nut.  Bolts  up  to  24  inches  in  length  and 
1%  inches  in  diameter  are  generally  carried  in  stock  by  the  larger 
hardware-dealers;  above  that  size  they  are  usually  made  to  order. 
Button-head  bolts,  Fig.  577,  either  round  or  square  under  the  head, 

are  used  in  wood.  They 
are  carried  in  stock  in 
sizes  from  %  to  %  of  an 
inch  in  diameter,  and 
from  4  to  12  inches 
long;  they  are  some- 
times preferable  to  the 
ordinary  square-head 
bolts.  The  square 
shoulder  serves  some- 
what in  the  nature 
of  a  lock,  and  holds  the  bolt  rigid  while  the  nut  is  being 
screwed  on.  Throughout  the  West  builders  use  large  quantities  of 
%-inch  carriage-bolts,  from  4  to  12  inches  in  length.  When  a  larger 
size  is  required,  machine-bolts  with  square  heads  are  generally  used. 
Stove-bolts  are  sometimes  used  in  building-operations.  They 
are  made  with  flat  and  round  heads,  as  shown  in  Fig.  578,  and  in 
sizes  varying  from  %  of  an  inch  to  6%  inches  in  length  and  from 
%2  to  %  of  an  inch  in  diameter. 

Many  bolts,  especially  the  smaller,  are  now  made  with  what  is 
called  the  "rolled  thread."  This  type  is  made  from  scant  material. 
The  threads  are  rolled  between  dies  to  the  full  diameter  of  the 
threaded  portion,  whereas  the  body  of  the  bolt  is  slightly  scant. 


Fig.  577.     Button-Head  Bolts.     Fig.  578.     Stove-Bolts. 


2.    FINISHED  HARDWARE. 

337.  MATERIALS  AND  FINISH  OF  HARDWARE.  Most 
of  the  finished  hardware  used  about  buildings  is  made  of  steel, 
wrought  iron,  brass  or  bronze.  For  the  very  cheapest  work  cast 
iron  is  used  to  a  limited  extent. 

338.  CAST-IRON  AND  STEEL  HARDWARE.  Nearly  all 
of  the  cheaper  grades  of  butts,  locks,  etc.,  are  made  of  cast  iron  or 
steel.  Very  few  cast-iron  knobs  are  now  used.  This  material 
answers  very  well  as  far  as  durability  is  concerned;  the  principal 
objection  to  it  is  its  liability  to  break  under  a  blow  or  jar.  For 
this  reason  it  is  not  suitable  for  bolts  or  their  casings,  although  it 
is  often  used  in  the  cheaper  work.  Although  heavy  cast  iron  will 
outwear  steel,  it  is  not  well  suited  for  butts,  as  it  often  breaks  from 
an  unequal  stress  or  sudden  jar. 

339.  FINISH    OF    IRON    AND    STEEL    HARDWARE. 
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There  is  a  great  variety  of  finishes  for  iron  and  steel  hardware. 
For  the  very  cheapest  class  of  work  the  iron  or  steel  is  left  just  as 
it  comes  from  the  foundry,  except  for  a  little  cleaning  with  the 
file  or  brush.  The  cheapest  finish  is  obtained  by  coating  the  sur- 
face with  japan  or  bronzing-varnish,  the  quality  of  which  depends 
upon  the  grade  of  the  goods.  Japanning  is  practically  indestructi- 
ble if  the  metal  is  not  exposed  to  scratches  or  rubbing,  and  for 
durability  is  to  be  preferred  to  any  of  the  lacquers  or  imitation- 
bronzes. 

"Berlin  bronze,"  "Tucker  bronze,''  the  so-called  ''Boston  finish" 
and  nearly  all  lacquered  hardware  is  finished  by  heating  the  metal 
and  immersing  it  in  a  bath  composed  of  linseed-oil  and  gum-anime 
or  copal,  to  which  are  added  powdered  alloys  of  copper  and  bronze 
to  give  the  desired  color.  When  the  coating  thus  obtained  is  dry 
the  metal  is  roasted  in  a  kiln.  This  seems  to  dry  the  preparation 
into  the  pdtes  of  the  metal  and  leaves  it  with  a  smooth,  shining 
surface,  that  imitates,  more  or  less  closely,  dull  bronze.  Hard- 
ware treated  in  this  way  cannot  be  polished  afterwards;  conse- 
quently all  polishing  of  the  metal  is  done  before  the  lacquer  is 
applied.  In  recent  years  the  better  grade  of  iron  or  steel  hard- 
ware has  been  finished  by  electroplating  as  described  in  the  next 
article. 

340.  PLATED-IRON  AND  STEEL  HARDWARE.  These 
finishes  are  made  in  various  colors  to  imitate  genuine  brass  or 
bronze  metal  and  are  often  so  well  done,  especially  on  steel  hard- 
ware, as  to  be  readily  mistaken,  even  by  experts,  for  genuine  brass 
or  bronze.  This  electroplating  is  a  thin  surface-coating  of  copper, 
bronze-metal,  brass  or  nickel,  the  thickness  of  which  depends  upon 
the  strength  of  the  solution  and  the  time  of  immersion.  In  the 
factories  of  the  large  hardware-manufacturers  the  process  has  been 
so  highly  developed  that  a  good  product  with  a  heavy  coating  is 
secured  at  a  low  cost. 

Nickel-plated  iron  hardware  may  also  be  obtained.  This  finish, 
however,  is  unsuited  for  nice  work,  as  the  nickel  will  tarnish  by 
exposure  to  the  atmosphere,  and  no  amount  of  rubbing  will  restore 
it  to  its  original  appearance. 

As  a  rule,  plated  hardware  is  not  desirable,  except  in  positions 
not  subject  to  wear,  as  the  plating  will  wear  off  in  a  short  time 
and  expose  the  black  iron  beneath.  Again,  bronze-plating  and 
oxidizing  is  generally  used  on  very  inferior  grades  of  cast-iron 
hardware,  particularly  for  door-knobs,  butts,  drawer-pulls,  etc., 
to  give  the  uninitiated  the  idea  that  he  is  purchasing  a  good  article, 
when  in  fact  it  may  be  a  very  inferior  one. 

In  specifying  plated  hardware,  therefore,  the  architect  3hould 


548  BUILDING-CONSTRUCTION.  (Ch.  VI)' 

confine  his  choice  to  those  articles  that  are  not  subject  to  wear 
and  of  which  the  base  is  known  to  be  of  good  quality.  Plated 
hardware  should  not  be  used  where  it  will  be  exposed  to  the 
weather. 

341.  BOWER-BARFF  AND  SIMILAR  FINISHES.  The 
most  appropriate  finishes  for  iron  hardware  are  those  obtained  by 
the  Bower-Barff  or  similar  processes,  which  convert  the  surface 
into  magnetic  oxide  of  iron  by  means  of  heat  and  superheated 
steam,  in  which  condition  it  is  nearly  rust-proof,  although  it  will 
rust  in  time  if  exposed  to  the  weather  in  a  damp  climate.  The 
color  of  the  iron  when  polished  is  a  lustrous  ebony-black,  especially 
appropriate  for  offices  and  public  buildings  and  some  portions  of 
fine  dwellings.  All  ornamental  wrought-iron  hardware  should  be 
finished  in  this  way.  The  word  "wrought"  is  commonly  used  in 
the  trade  to  designate  "stamped**  steel  which  is  made  to  appear  like 
the  hand-wrought  work  of  the  blacksmith.  The  regular  Bower- 
Barff  process  is  quite  expensive,  and  many  other  processes  are  now 
used  to  obtain  the  same  result.  Bower-Barffed  lock-sets  are  fur- 
nished usually  with  polished-brass  front  locks  and,  in  the  case  of 
cylinder-locks,  with  polished-brass  cylinders. 

A  good  deal  of  dead-black  hardware  is  finished  over  bronze. 
While  this  looks  well  at  first,  the  finish  wears  off  after  a  time  so 
that  the  bronze  shows  through.  Lock-fronts  are  usually  made  in 
this  way,  for  if  cast  iron  is  used  the  fronts  are  easily  broken.  This 
finish  is  generally  satisfactory  except  on  knobs  and  handles  or 
other  parts  subject  to  constant  wear. 

342.  BRASS  HARDWARE.  The  terms  "brass"  and  "bronze" 
are  often  confounded  in  speaking  of  hardware,  although  the  ma- 
terials are  quite  different  in  composition  and,  usually,  in  appear- 
ance. Brass  is  an  alloy  of  copper  and  zinc,  while  bronze  is  a 
composition  of  copper  and  tin.  Brass  has  a  bright  yellowish 
appearance,  and  is  susceptible  of  a  high  polish.  It  tarnishes  very 
easily  and  is  therefore  generally  protected  by  a  coat  of  lacquer. 
This,  however,  will  not  entirely  prevent  it  from  changing  in  color. 
The  use  of  brass  for  hardware  has  increased  very  largely  of  late 
years,  especially  for  door-knobs,  hinges,  bolts,  and  all  kinds  of 
finishing-hardware  usually  finished  in  the  natural  color  of  the 
metal.  Bright  or  buffed  natural-color  brass,  and  various  surface- 
finishes  on  brass,  are  very  popular.  It  is  particularly  suitable  for 
the  colonial  type  of  residence.  In  buildings  of  every  style 
oxidized-brass  finishes,  in  various  colors  and  shadings,  are  very 
frequently  used.  In  fact  about  fifty  per  cent  of  design-hardware  is 
finished  in  some  form  of  brass  finish.  Brass  knobs  require  more 
labor  than  bronze  to  be  kept  looking  well. 
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343.  BRONZE  HARDWARE.  Bronze  is  used  oftener  than 
any  other  metal  in  the  manufacture  of  the  better  quality  of  fin- 
ished hardware.  It  can  be  cast  with  great  ease  in  the  most  delicate 
patterns,  and  may  be  finished  in  a  great  variety  of  styles  and  colors. 

The  general  method  of  producing  the  different  colors  of  bronze 
hardware  is  as  follows:  the  casting,  after  being  "trimmed"  or 
"chased"  as  may  be  necessary,  is  thoroughly  cleaned  by  immersion  in 
a  strong  acid-bath,  followed  by  one  in  a  weak  alkali  and  clear  water. 
It  is  then  suspended  in  a  bath  of  hot  acids,  especially  prepared  with 
various  chemicals  to  produce  certain  changes  in  the  color  of  the 
metal.  When  the  desired  shade  is  reached  the  casting  is  removed, 
dried  in  sawdust  and  rubbed  down  to  an  even  tone  on  a  buffing- 
wheel.  Almost  any  color  or  shade  can  be  had  with  bronze  by 
proper  treatment. 

The  colors  thus  obtained,  however,  should  not  be  considered  as 
permanent,  as  they  are  merely  laid  on  the  surface.  Copper,  silver, 
gold,  nickel  and  various  oxidized  finishes  are  obtained  by  plating 
either  bronze-metal  or  iron  or  steel  that  has  first  been  plated  with 
bronze  or  copper.  "Bronze  hardware  is  sure  to  change  in  time,  no 
matter  how  it  may  be  finished,  and  generally  the  stronger  tones 
are  the  least  satisfactory  in  the  end,  for  they  fade  out  to  unpleas- 
ant musty  hues."  For  plain,  smooth  hardware  the  natural  color 
of  the  bronze  will  prove  the  most  satisfactory  in  the  end,  as  it  can 
always  be  kept  bright  by  polishing. 

The  various  finishes  given  to  solid,  or  bronze-plated  hardware, 
differ  more  or  less  in  color  and  appearance  with  different  manufac- 
turers, and  the  manner  of  designating  them  also  differs.  They 
also  vary  in  relative  cost,  somewhat  in  the  following  order.  Plain 
bronze  being  usually  the  cheapest  is  taken  as  the  standard,  and  a 
fixed  charge  is  added  for  the  other  finishes,  according  to  the  size 
of  the  article.    The  brackets  indicate  the  same  price: 

rLight  bronze.  Verde-antique. 

"I^Brass,  natural. 

Silver,  light,  mottled  or  dark. 

Dark  bronze. 

Copper,  red  antique.  Gold,  yellow,  red  or  green  tints.  . 

Old  brass,  plain. 

Dead  black,   electroplate. 

Nickel. 

Old  brass. 

Dull  brass. 

Oxidized  or  antique  copper. 

Both  bronze-metal  and  bronze-plated-iron  goods  are  made 
**plain"  and  "figured."     In  the  cheaper  grades  of  goods  the  figured 


550  BUILDING'CONSTRUCTION.  (Ch.  VI) 

or  ornamented  hardware,  particularly  door-knobs,  was  formerly 
thought  to  be  a  little  cheaper  than  that  with  plain  surfaces,  and  the 
author's  experience  has  been  that  in  a  cheap  grade  the  figured 
knobs  show  wear  less  than  the  plain  knobs.  In  the  better  grades 
of  hardware  ornamentation  adds  to  the  price,  although,  if  the  orna- 
mentation is  artistically  designed,  not  in  proportion  to  the  improved 
appearance.  This  is  also  true  of  the  cheaper  grades  in  which  there 
is  now  a  great  variety  of  ornamentation,  particularly  in  wrought 
steel,  bronze  and  brass. 

Eclipse-Metal  ("E.  M.")  *  is  a  hard  white  metal  which  has  the 
appearance  of  highly  polished  nickel-plate,  but  since  it  is  of  uni- 
form composition  throughout,  wear  will  not  change  its  color. 
When  cleaned  or  polished  it  retains  its  color  and  brightness.  This 
finish  is  especially  suitable  for  bath-rooms,  toilets,  lavatories,  etc. 

The  various  hardware-manufacturers  make  many  kinds  of  fin- 
ishes which  are  described  in  their  catalogues. 

344.  SPECIAL  HARDWARE-TRIMMINGS.  To  describe 
all  the  special  kinds  of  finished  hardware  used,  or  designed  to  be 
used,  in  buildings  would  be  an  almost  endless  task ;  therefore,  only 
a  description  of  such  pieces  as  are  in  common  use  will  be  attempted. 

For  most  architects  a  careful  perusal  of  the  following  pages, 
supplemented  by  the  manufacturers'  catalogues  and  an  examination 
of  the  different  styles  and  patterns  at  the  local  hardware-dealers, 
will  furnish  all  the  information  usually  required.  The  most  val- 
uable information,  however,  can  be  obtained  only  by  studying  the 
mechanism  of  the  different  styles  and  observing  the  way  in  which 
they  wear.  When  satisfactory  hardware  has  once  been  found  it 
will  be  better  to  keep  to  that  than  to  experiment  with  other  makes, 
although  the  best  grades  of  any  of  the  leading  manufacturers  may 
be  relied  upon. 

In  describing  the  various  pieces  of  hardware  the  author  has 
deemed  it  best  to  take  them  up  in  the  order  in  which  they  are  re- 
lated to  the  different  parts  of  the  building. 

345.  HARDWARE  TRIMMINGS  FOR  DOORS.  The  hard- 
ware for  a  single  door  consists  usually  of  hinges,  lock,  knobs  and 
escutcheon-plates.  Outside  doors  used  by  the  public  are  also  often 
provided  with  an  overhead  check.  Double  doors  require  in  addi- 
tion bolts  for  the  standing  leaf.  Sliding  doors  are  commonly 
hung  on  "hangers,"  and  are  fitted  with  lock,  flush-pull  and  cup 
escutcheon-plates,  although  very  often  the  lock  is  omitted.  Dou- 
ble-action doors  should  have  push-plates  and  kick-plates  instead  of 
knobs,  and  a  dead-lock  if  a  lock  is  necessary.     Store-doors  usually 

•  Manufactured  by  the  H.   B.   Ives  Company,  New  Haven,  Conn. 
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have  handles  instead  of  knobs,  and  long  escutcheon-plates.  Doors 
that  are  provided  with  an  overhead  check  are  often  fitted  with  a 
pull-handle  on  the  inside,  a  push-plate  on  the  outside,  and  a  dead- 
lock. A  door-pull  *  is  manufactured  which  is  novel  in  that  it  is 
cast  hollow,  but  it  is  very  strong  as  the  metal  is  ^  of  an  inch  thick. 

At  present  a  very  popular  trim  for  the  front  doors  of  residences, 
particularly  the  better  grade  of  colonial  houses,  is  the  sectional 
handle.  This  consists  of  a  handle  and  thumb-latch  with  a  cylinder 
key-escutcheon,  and  a  knob  on  the  inside  with  an  elongated 
escutcheon.  The  lock  used  is  similar  to  a  store-door  lock  with 
stops  for  dead-locking  the  latch  so  that  when  desired  it  can  be 
operated  from  the  outside  by  the  key  only. 

Other  trimmings  may  also  be  required  for  special  conditions, 
but  the  above  covers  the  trimmings  commonly  used.  Each  of  the 
above  kinds  of  hardware  is  made  in  a  great  variety'of  patterns  and 
sizes,  the  more  common  of  which  will  be  briefly  described. 

346.  HINGES  AND  BUTTS.  Hinges  proper  are  divided  into 
two  general  classes  by  the  hardware-trade:  first,  those  that  are 
screwed  to  the  face  of  the  door  or  shutter,  and  called  "hinges," 
and  secondly,  those  which  are  screwed  to  the  butt-edge  of  the  door 
and  against  the  frame,  and  designated  "butts."  The  latter  are 
almost  invariably  used  for  hanging  the  doors  in  all  but  inferior  build- 
ings. Hinges  are  used  principally  on  stable  and  out-house  doors, 
blinds,  shutters,  trap-doors,  and  the  like. 

Spring-hinges  may  also  be  divided  in  the  same  way  into  spring- 
hinges  proper  and  spring-butts,  although  the  latter  are  very  com- 
monly called  "hinges." 

347.  WROUGHT  STRAP  AND  T  HINGES.  Hinges  proper, 
used  for  hanging  doors  are  made  exclusively  of  wrought  metal, 
usually  iron  or  steel,  and  in  two  general  shapes,  namely,  those 


Fir-  579-     Sirap-IIingc. 

shown  in  Figs.  579  and  580.  For  doors  hung  in  a  frame  it  is  gen- 
erally necessary  to  use  the  T  hinge  on  account  of  the  narrow  edge 
of  the  frame.  Where  there  is  room  to  use  the  strap-hinge,  as  for 
trap-doors,  it  should  be  preferred. 

Strap-hinges  and  T  hinges  are  made  in  sizes  varying  by  inches 
from  3  to  16  for  the  length  of  each  leaf  of  the  strap-hinge,  or  of 

*  Manufactured  by  Sargent  &  Company,  New  Haven,  Conn. 
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the  long  leaf  of  the  T  hinge.  A  6-inch  hinge  is  the  smallest  that 
should  be  used  for  a  full-size  door.  They  may  be  obtained  in  the 
plain  iron,  japanned  or  galvanized,  with  brass  pins.  Wrought 
hinges  cannot  be  broken  without  first  bending  and  tearing  the  iron ; 
and  where  strength  and  resistance  to  rough  usage  are  alone  desired 


they  are  preferable  to  butts.     They  are  generally  used  on  battened 
doors  or  thin  doors  where  a  butt-hinge  cannot  well  be  used. 

Besides  the  common  strap-hinge  and  T  hinge,  shown  in  Figs.  579 
and  580,  a  patent  hinge,  "Hart's  Patent,"  is  made,  which  has  two 
thicknesses  of  steel  surrounding  the  pin,  as  shown  in  Fig.  581.*     It 


Fig.  581.     Hari'»  Palent  HinKC  Fig.  jBi.     Stanley  Corrugated  Hinge. 

is  claimed  that  this  hinge  has  double  the  strength  of  the  ordinary 
hinge.  The  same  company  makes  a  corrugated  hinge  {Fig.  582*) 
in  which  the  metal  is  corrugated  about  the  pin  and  also  on  the 
straps  and  around  the  screw-holes.  By  this  means  the  strength 
of  the  hinge  is  greatly  increased  and  the  metal  is  prevented  from 
binding  upon  the  pin.  These  hinges  are  made  of  plain  steel,  and 
with  japanned,  galvanized  or  bronzed  finish,  and  also  of  wrought 
brass.  They  cost  a  little  more  than  the  cheapest  wrought  hinges 
and   about  the   same  as  heavy  plain   hinges.     The  cbmpany  also 

*  Hanufsctared  by  tbe  Stanley  Works,  New  Britain,  Conn. 
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makes  a  hinge  which  may  be  used  on  both  storm-doors  and  screen- 
doors,  the  same  hook  or  pin  remaining  upon  the  door-frame  all  the 


Fig.  S83.     Con 


year  round  and  being  used  to  hang  either  the  storm-door  in  winter 
or  the  screen- door  in  summer. 

This  company  *  also  makes  several 
patterns  of  ornamental  hinges  and  butts 
in  both  plated  and  polished  wrought  steel 
and  in  wrought  brass,  one  pattern  of 
which  is  shown  in  Fig.  585.  These 
hinges  have  a  very  ornamental  appear- 
ance, and  may  be  used  to  advantage  on 
finished  work,  more  especially  on  cup- 
board-doors,  refrigerators,  etc. 

Single-action  spring-hinges  are  de- 
scribed in  connection  with  screen-doors 
(Art.  410).    (See,  also,  Art.  356.) 

F'g-  583  shows  the  construction  and 
application     of     the     "Soss"     invisible 
hinge.f    This  hinge  is  especially  adapted 
for    use    where    it    is    undesirable    to 
have    the    hinges    visible,   as    in    panel- 
doors    or    secret    doors.     It    is    often 
used   to  hang  ordinary  doors  and   can     Fig.  584-   Appiici 
be    used    for    doors    up    to    2'A    inches        and  sTr" »'  to°\ 
in   thickness.     Three   hinges   should   be 
used  for  heavy  doors.     The  hinge  is  made  of  a  frictionless,  com- 
position-metal, is  roller-bearing,  and  is  applied  to  the  same  parts 

•  Mamifaclured  by   the   Slanley  Worki,    New    Britain.    Conn. 
t  ManufBctu«d  by  Ihe  So*s  Manuficluring  Company.  Brookl/D,  N.  Y. 
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of  the  door  and  frame  as  an  ordinary  butt.     It  is  much  used  for 
furniture,  pianos,  and  cabinet-work. 

The  outline  of  the  door  shown  in  Fig.  584  illustrates  the  appli- 
cation of  various  types  of  hinge-plates  and  straps,  both  right-hand 
and  left-hand.     Thus,  Fig.   i,  in  the  drawing,  is  a  left-hand  top . 
plate  or  a  right-hand  bottom  plate. 
348.    BUTTS.    DESCRIPTION  OF  DIFFERENT  KINDS. 
Common      hinges      are 
made  in  such  a  manner 
that  the  two  leaves  can- 
not be  separated,  the  pin 
being   riveted   in   place ; 
so  that  the  door  or  shut- 
ter cannot  be  taken  off 
without  unscrewing  the 
hinge.     This  would  be  a 
very  grave  objection  in 

Fig.  5B5.     StmUjf  OrDaineiiUl  Hinge.  the     hingCS     of     full-size 

doors  for  houses,  etc. 
The  desirability  of  being  able  to  remove  the  door  at  times  without 
unscrewing  the  hinge,  as  well  as  considerations  of  appearance  and 


r.  586.    Li 


iff.  587,     LooK-Joinl  Butt. 


safety,  has  led  to  the  universal  custom  of  hanging  the  doors  in  all 
finished  buildings  with  hinges  like  those  shown  in  Figs.  586  and  587 
which  permit  the  door  to  be  taken  off  when  open  without  the  hinge 
being  removed.  These  hinges  are  called  "butts,"  as  they  are 
screwed  to  the  butt-edge  of  the  door  and  the  face  of  the  jamb. 
When  the  door  is  closed  the  leaves  of  the  hinge,  and  consequently 
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the  screws,  are  concealed,  so  that  the  hinge  cannot  be  removed. 

Butts  such  as  are  shown  in  Fig.  586  are  called  "loose- 
pin  butts,"  and  the  butt  shown  in  Fig.  587  is  a  **loose-joint  butt." 
Loose- joint  butts  are  finished  with  and  without  tips,  but  loose-pin 
butts  always  have  them.  When  hung  with  the  latter  the  door  can 
be  removed  by  withdrawing  the  pins  and  slipping  the  hinges  apart. 
With  the  loose-joint  butt  all  that  is  necessary  is  to  swing  the  door 
so  that  it  will  clear  the  trim ;  it  can  then  be  lifted  from  the  hinge. 

The  use  of  these  butts  varies  in  different  localities.  In  present- 
day  practice  on  full-size  doors  the  five-knuckle  loose-pin  butts  are 
generally  used,  in  preference  to  the  old  three-knuckle  butts.  The 
loose-pin  or  tight-joint  butt  is  in  almost  universal  use,  95  per  cent 
of  those  now  used  being  of  this  variety;  the  loose-joint  butt  is  sel- 
dom if  ever  used. 

Loose-pin  butts  possess  two  advantages:  the  first  and  most  im- 
portant one  is  that  the  bearing-surface  is  increased  to  a  maximum, 
and  as  the  pin  is  distinct  from  the  leaves  it  can  be  made  of  a  metal 
that  will  stand  more  wear  than  that  used  in  the  butts.  The  smallest 
butts  generally  have  two  bearings  and  three  knuckles,  and  those 
3jS4  inches  high  and  over,  four  bearings  and  five  knuckles.  The 
loose-joint  butt  has  only  one  bearing. 

The  second  advantage  possessed  by  the  loose-pin  butt,  and  prob- 
ably the  one  which  most  influences  its  use,  is  that  as  either  leaf 
can  be  fastened  to  the  jamb,  the  butt  can  be  used  on  either  a  right 
or  a  left-hand  door.  This  often  saves  much  inconvenience  when 
the  door  is  being  hung. 

With  loose- joint  butts  the  part  containing  the  pin  must  be 
screwed  to  the  jamb,  and  this  necessitates  making  such  butts  in 
"rights"  and  "lefts."  To  tell  whether  a  door  is  right  or  left- 
handed  is  often  confusing,  but  if  the  following  simple  rule  be  re- 
membered no  difficulty  will  arise.  Rule:  if  the  door  swings  from 
you  to  the  right,  it  is  "right-handed" ;  if  it  swings  from  you  to  the 
left,  it  is  "left-handed."  The  "hand"  of  a  door  is  always  deter- 
mined from-jthe  outside.  The  outside  is  the  street-side  of  an  en- 
trance-door, and  the  corridor-side  of  a  room-door.  The  outside 
of  a  communicating  door,  from  room  to  room,  is  the  side  from 
which,  when  the  door  is  closed,  the  butts  are  not  visible.  The 
outside  of  a  pair  of  twin-doors  is  the  space  between  them.  The 
outside  of  a  closet-door  is  the  room-side,  thus  reversing  the  rule 
which  applies  in  other  cases.  The  foregoing  definitions  apply  to 
sliding  doors  as  well  as  to  hinged  doors.  If,  when  you  stand  out- 
side a  door,  the  butts  are  on  the  right,  it  is  a  "right-hand  door"; 
if  on  the  left,  it  is  a  "left-hand  door."  This  rule  does  not  apply  to 
casement-sashes,  where  the  point  of  view  is  assumed  to  be  from 
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the  inside,  instead  of  the  outside.     Further,  with  regard  to  locks, 
if  when  you  stand  outside  the  door  it  opens  from  you,  or  inward, 


Hand  of  Doors 


Mortise  Locks 


Rim  Locks. 


Cupboard  and  Book-case  Locks 

Pl|.«.   L«ftb«Ml 


Casement  Windows 


r*  ti- 


nt, u.  Palr.avHtacIa  Rg.  IS.  Mt.wiilito 

Ckieincnt  wrindows  opening  out  folloitr  the  lanw  rale. 
Fiff.  588.     "Hand"  of  Doors  and  Windows. 


It  takes  a  lock  with  a  regular  bevel-bolt ;  if  opening  outward  it  takes 
a  lock  with  reverse  bevel-bolt.  As  cupboard  and  bookcase-doors 
always  open  out,  it  is  unnecessary  to  specify  for  their  locks  reverse- 
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bevel  bolts,  as  locks  for  such  doors  are  regularly  so  made.  The 
"hand"  of  a  lock  varies  according  to  the  type  of  door  on  which  it 
is  to  be  used.  Fig.  588  *  shows  the  types  of  doors  of  various 
"hands"  in  common  use.  A  door  is  beveled  when  the  plane  of  its 
edge  does  not  make  a  right  angle  with  that  of  its  surface.  The 
standard  bevel  is  %  of  an  inch  in  2J4  inches. 

For  locks  the  above  rule  applies  only  to  doors  that  open  in;  if 
the  door  opens  outward,  a  right-hand  "reverse-bevel"  latch  will  be 
required  for  a  right-hand  door,  and  vice  versa.  Reverse-bevel 
latches,  however,  are  usually  required  only  for  locks  in  which  the 
key  can  be  used  from  the  outside  only,  as  in  front-door  and  vesti- 
bule locks,  rim  night-latches,  etc. 

There  is  another  point  about  the  loose-pin  butt  which  is  some- 
times an  advantage  and  sometimes  the  reverse,  namely,  that  by 
slipping  out  the  pins  the  door  can  generally  be  opened,  even  when 
locked.  The  doors  should  therefore  be  hung  so  that  the  pins  will 
not  be  within  the  reach  of  burglars.  With  the  loose-joint  butt  it 
is  impossible  to  open  the  door,  when  locked,  without  breaking  the 
lock  or  butts. 

Where  loose-joint  butts  are  used  great  pains  should  be  taken  to 
hang  the  door  so  that  both  butts  will  bear  evenly ;  in  many  instances 
it  will  be  found  that  one  butt  alone  carries  the  weight  of  the  door. 

Butts  are  now  made  with  beveled  knuckles  for  raising  doors  up 
and  over  thresholds. 

Ornamental  surface-butts  save  time  and  labor  in  hanging  doors. 
Only  the  casement  is  mortised;  the  ornamental  leaf  is  screwed  to 
the  surface  of  the  door.  These  hinges  are  reversible  and  can  be 
used  on  either  right  or  left-hand  doors.  The  hinge  is  quickly  re- 
versed by  unscrewing  the  ball  tip,  which  is  slotted  for  the  screw- 
driver, reversing  the  pin,  and  screwing  the  tip  in  the  opposite  end 
of  the  joint.  These  butts  are  made  in  sizes  from  2  to  4j^  inches 
at  the  joint,  and  can  be  supplied  in  any  desired  finish  to  match  the 
other  hardware. 

The  proper  hanging  of  the  doors  of  a  new  building  is  a  detail 
worthy  of  most  careful  study  by  the  architect.  Creaking,  binding, 
poorly  made  hinges  never  cease  to  give  trouble  and  annoyance  to 
the  owner.  Ball-bearing  hinges  seem  to  meet  the  tests  of  efficiency 
required  by  carefully  drawn  specifications.  They  are  made  of 
high-quality  wrought  bronze  or  cold-rolled  steel,  carefully  selected 
and  tested.  These  hinges  will  not  sag,  creak  nor  bind.  Careful 
and  complete  tests  have  been  made  as  follows:  a  door  weighing 
150  pounds,  hung  on  two  5  by  S-inch  Stanley  ball-bearing  hinges, 

*  Furnished  by  the  Yale  &  Towne  Manufacturing  Company,  New  York  City. 
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was  opened  and  closed  one  million  times.  It  was  found  that  the 
hinges  had  worn  away  to  the  extent  of  less  than  ^  of  an  inch,  the 
exact  figure  being  .019.  This  test  conclusively  proves  the  superior 
wearing-qualities  of  these  hinges.  Oiling  is  not  necessary  with 
this  ball-bearing  hinge,*  as  the  bearings  are  completely  protected 
from  moisture  and  dust  by  a  brass  cap.  This  is  an  important 
point,  as  oiling  injures  the  finished  surface  of  the  hinge  and  at  the 
same  time  causes  the  accumulation  of  dust  and  dirt  in  the  joint. 

Another  feature  of  this  type  of  ball-bearing  hinge  *  is  the  pat- 
ented non-rising  pin.  The  small  wings  on  the  pin  fit  into  corre- 
sponding slots,  and  make  it  impossible  for  the  pin  to  work  up  out 
of  the  joint.  The  pin  is  easily  slipped  in  and  out,  but  does  not 
rise  under  the  action  of  the  door.  The  ordinary  type  of  loose  pin 
is  very  commonly  found  projecting  from  the  joint,  giving  the  hinge 
an  unsightly  appearance.  These  hinges  or  butts  are  finished  in  all 
of  the  popular  styles  and  finishes.  In  one  type  of  this  buttf  the 
washers  are  not  visible. 

In  Fig.  591  t  is  shown  a  wrought-steel  butt  with  five  knuckles, 
that  is  steel-bushed  throughout  the  entire  length  of  each  knuckle. 
It  is  self-lubricating. 

349.  MATERIALS  USED  FOR  BUTTS.  Butts  are  made  of 
cast  iron,  malleable  iron,  wrought  steel,  bronze  and  brass.  For  the 
very  best  work  solid-bronze  or  brass  butts  or  bronze-plated-steel 
butts  should  be  used.  Steel  butts  are  very  heavily  plated  and  fin- 
ished so  that  they  cannot  be  detected,  when  on  the  door,  from  solid- 
bronze  metal.  The  author  believes  that  for  the  inside  doors  of 
dry  buildings  they  are  in  all  respects  as  desirable  as  solid-bronze 
or  brass  butts,  if  not  more  so,  on  account  of  greater  strength.  As 
butts  are  not  subject  to  wear  on  their  face,  there  is  no  danger  that 
the  plating  will  wear  through.  Steel  butts  will  rust  in  time,  and 
if  they  become  tarnished  cannot  be  polished. 

Front  doors,  or  doors  hung  in  damp  situations,  should  be  hung 
with  solid-bronze  or  brass  butts,  or  iron  butts  Bower-Barffed  or 
finished  in  "rustless  iron."  If  these  cannot  be  afforded,  japanned 
butts  answer  very  well. 

The  cheaper  grades  of  butts  are  made  of  cast  iron,  either  in  the 
plain  iron,  japanned,  lacquered  or  plated.  A  well  made  cast-iron 
butt  with  heavy  knuckles  will  resist  wear  at  the  knuckles  better 
than  one  of  steel.     For  high-grade  work,  where  an  iron  or  steel 

*  Manufactured  by  The  Stanley  Works  and  P.  &  F.  Corbin,  New  Britain,  Conn.,  and 
various  other  firms. 

t  Manufactured  by  P.  &  F.  Corbin,  New  Britain,  Conn. 

t  Manufactured  by  the  Russell  &  Erwin  Manufacturing  Company,  New  Britain,  Conn. 
A  similar   butt  is   made   by    Sargent   &   Company,    New    Haven,    Conn. 


WASHERS  FOR  BUTTS.  559 

butt  is  to  be  used,  the  cast-iron  butts  are  better  but  more  costly 
than  the  steel.  Heavy  cast-iron  butts  that  are  finely  finished  are 
now  made  by  nearly  all  manufacturers  of  good  hardware.  These 
butts  will  outwear  any  butt  except  one  made  of  bronze  with  ball- 
bearings. If  a  cheap  butt  must  be  used  the  japanned  butt  will 
generally  be  found  to  wear  the  best. 

350.     WASHERS  USED  FOR  BUTTS.     It  is  now  the  custom 
of  the  large  manufacturers  to  fit  their  bronze,  brass  or  iron  butts 
of    the    better    grades    with    some 
form  of  self-lubricating  ball-bear- 
ing or  "fiber- washer,"  to  reduce  the 
wear  on  the  bearing-surfaces.    The 
more  genera!  custom,  except  in  the 
use   of   the   ball-bearing  and    some 
fiber- washers,  is  to  countersink  the 
washers  in  the  hubbs  of  the  butt,  so 
that  they  will  not  show  externally. 
With  wrought-steel  butts  washers    pig.  5B9.    siwu*,  Biu-Bciring  Washtr. 
are  quite  necessary,  especially  for 
very  heavy  doors. 

One  firm  has  recently  patented  an  improved  ball-bearing  washer 
for  its  butts,  to  be  used  for 
very  heavy  doors ;  this  washer 
practically  eliminates  all  fric- 
tion and  increases  the  wearing- 
quality.  Two  of  these  washers 
are  used  on  the  standard  loose- 
pin  butts  (see  Fig.  590*),  and 
four  on  the  extra-heavy  loose- 
pin  butts.  The  bearings  are 
turned  from  hardened  tool- 
steel,  and  will  each  safely  sus- 
tain a  load  of  1,000  pounds 
without  crushing.  The  load  of 
the  door  is  carried  on  these 
I  bearings.    An  enlarged  view  of 

th^  washer   is   shown   in   Fig. 

589.' 

The   best-quality   bronze   or 
brass  butts  are  fitted  with  self- 
Fig.  J90.     Stanley  Ball-Bearing  Bun.  lubricating  Steel  WashcrS. 

These  are  perforated  and  filled 
with   a   non-fluid    lubricant   which   prevents    wear   and   creaking. 

■  Muluficlured  b;  the  SUnley  Work*.   New  BriUin,  Conn. 
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One  manufacturer  *  makes  a  fiber-washer  with  a  shoulder,  for 
use  with  its  butts.  This  form  of  washer  will  not  become  de- 
tached from  the  butt  when  the  pin  is  removed. 

351.     SIZES  OF  BUTTS.     Butts  are  made  in  sizes  varying  by 
half-inches  from  a  by  2  to  SJ^  by  5J^  inches,  and  above  that  by 
inches  to  8  by  10  inches.     Larger  sizes  than  6  by  6  inches  are  sel- 
dom used,  as  it  is  much  better 
to  increase  the  number  of  butts 
rather  than  the  size. 

In  specifying  the  sizes,  3j/i 
by  3j4-inch  butts  may  be  used 
for    1  >^-inch    pine    doors    not 
over  2  feet  8  inches  wide ;  4  by 
4-inch    butts     for    doors     i  J4 
inches  thick  and  7  feet  high, 
and   4j4    or   s-inch   butts   for 
heavier   doors.     Doors  over  7 
feet   6  inches   high   should   be 
hung  with  three  butts,  and  it 
would  be  better  to  hang  a  7- 
foot  door  with  three  4  by  4- 
inch  than  with  two  5  by  5-inch 
butts,  as  three  butts  will  pre- 
vent the  door  from  springing  in 
the  middle. 
Fig.  59"-    Kuweii   &   Erwin  Wfought-StMi         It  sometimes  happens  that  a  4 
by  4-inch  butt  will  not  allow  the 
door  to  swing  back  parallel  with  the  wall  without  striking  the  trim 
of  the  door.     For  such  cases  butts  wider  than  they  are  high  are 
made,   as   4   by   4}^    inches   and   4   by 
5     inches.     The     butts     should    always 
project  beyond  the  face  of  the  door  a 
sufficient  distance  to  throw  the  door  out 
beyond  the  trim,  as  shown  in  Fig.  592. 

The  outside  doors  of  public  buildings 
should  always  open  outward,  should  be 
so  hung  as  to  swing  back  out  of  the 
way,  and  should  be  provicIe<l  with  a  door- 
holder  or  hook  or  other  means  of  keep- 
ing them  open  when  desired.  Fig,  ssa.    RdaHon  of  Bmt  m 

One  type  t  of  f rictionless  hinges  is  in-  ^'""■ 

tended  especially  for  very  heavy  doors.     One  top  hinge  and  two  or 


.  J?oorbpen  ^ 
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more  lower  hinges  are  used.  The  top  hinge  is  long,  narrow  and 
roller-bearing ;  it  is  placed  upon  the  upper  edge  of  the  door  and  the 
under  side  of  the  door-frame.  The  lower  hinges  are  ball-bearing 
and  are  placed  upon  the  door  in  the  usual  positions. 

352.  DOUBLE-ACTION  SPRING-HINGES  OR  BUTTS. 
If  it  is  desired  that  a  door  shall  swing  in  both  directions,  it  should 
be  hung  with  double-action  spring-hinges.  A  door  pivoted  top  and 
bottom  near  one  edge  would,  of  course,  swing  both  ways ;  but  as  it 
is  more  or  less  trouble  to  control  a  double-acting  door  that  does 
not  have  a  spring-mechanism,  so  that  it  will  stay  at  the  proper  place, 
a  spring  is  a  practical  necessity  on  all  "fly-doors,"  both  to  close 
them  and  to  keep  them  in  the  proper  position  when  not  being 
operated.  Double-action  spring-hinges  are  especially  desirable  on 
pantry-doors  opening  into  the  dining-room,  and  on  vestibule-doors 
in  public  buildings.  They  are  sometimes  used  on  outside  doors  of 
buildings  of  a  semipublic  character,  but  as  a  double-action  door 
cannot  be  made  tight,  or  cannot  be  well  locked,  it  is  better  on  such 
doors  to  use  ordinary  butts  with  some  approved  door-check. 

There  are  many  patterns  of  double-action  spring-hinges  on  the 
market.  Several  of  them  are  constructed  on  the  same  principle, 
but  differ  more  or  less  in  slight  details  and  in  the  quality  of  the 
materials.  The  general  principle  of  nearly  all  double-action  spring- 
hinges  or  butts  is  that  of  two  pins,  one  on  each  side  of  the  door, 
joined  by  a  central  connecting  plate  which  lies  between  the  two 
leaves  of  the  hinge  or  butt  when  the  door  is  closed.  This  permits 
a  door  hung  near  one  edge  of  the  casing  with  a  double-action  spring- 
butt,  to  be  swung  through  180  degrees  back  to  the  wall  and  fastened 
in  an  open  position  out  of  the  way.  It  is  illustrated  by  the  two 
diagrams  in  Fig.  593,*  which  show  the  position  of  the  leaves  of 


Fig.  593*     Placing   of    Double-Action    Spring-Hinges   or 

Butts. 


the  hinge  for  different  positions  of  the  door.  It  will  be  noted 
that  when  the  door  shown  at  the  right  is  opened  toward  the  left, 
the  central  plate,  with  both  barrels  of  the  hinge,  remains  at  the 

•  Illustration  furnished  by  Bommer  Brothers,  Brooklyn,  N.  Y. 
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casing ;  and  that  when  the  door  shown  at  the  left  is  opened  toward 
the  right,  the  central  plate,  with  one  of  the  barrels,  opens  with  the 
door.  Where  doors  are  hung  in  pairs  this  gives  an  unbalanced 
appearance  when  both  doors  are  opened  in  the  same  direction  or 
hooked  back  in  open  position.  The  "Bommer"  or  the  "Triplex" 
double-action  spring-hinge,  may  be  applied  to  eliminate  this  ob- 
jectionable feature. 

The  fact  that  with  double-action  spring-butt-hinges  the  weight 
of  the  door  is  alternately  supported  on  the  bottom  bearing  at  one 
side  of  the  connecting  plate  and  on  the  top  bearing  at  the  other 
side  of  the  connecting  plate  as  the  door  moves  from  side  to  side, 
is  utilized  in  the'  new  "Bommer"  hinge  by  placing  the  fixed  spring- 
holders  at  these  bearings  and  locating  the  movable  spring-holders, 
which  have  the  perforated  collar  for  giving  tension  to  the  spring, 
opposite  to  the  bearings.  This  arrangement  of  parts,  in  connection 
with  the  use  of  spiral  springs,  coiled  in  opposite  directions  or 
"pitch"  to  each  other,  at  the  opposite  sides  of  the  connecting-plate, 
and  the  introduction  of  easily  replaceable  washers  at  the  joints 
moving  in  unison  with  the  "ears"  of  the  flanges,  explains  the  princi- 
ples on  which  this  hinge  is  constructed.  Heretofore,  in  the  "Bom- 
mer"  hinge,  the  weight  of  the  door  was  supported  on  the  "rim" 
of  one  of  the  barrels  when  moving  in  one  direction,  and  upon  an 
"ear"  of  the  opposite  flange  when  moving  in  the  other  direction. 
In  the  new  "Bommer"  hinge  this  construction  is  discarded ;  the 
weight  of  the  door  is  equally  distributed  among  the  various  parts, 
the  friction  upon  the  edge  and  inside  of  the  barrels  is  relieved  and 
the  springs  are  thereby  enabled  to  perform  fully  their  proper  func- 
tion of  keeping  the  door  closed.  The  connecting-plate  of  this  hinge 
is  made  of  one  piece  of  metal,  and  all  is  swedged  together  cold,  with- 
out rivets.  It  is  of  even  thickness  throughout,  has  rounded  edges 
and  is  of  great  strength.  It  is  claimed  by  the  manufacturers  that 
time  and  trouble  are  saved  for  the  carpenter  by  fitting  pairs  of 
double-action  doors  with  these  hinges  because  both  doors  can  now  be 
fitted  from  the  same  side  of  the  opening;  whereas  formerly  it  was 
necessary  to  fit  one  door  from  one  side  and  the  other  door  from 
the  other  side  of  the  opening.  In  order  to  put  the  weight  of  the 
door  upon  the  correct  bearings,  the  flange-spring  which  is  screwed 
to  the  casing  must  have  the  perforated  movable  holder  uppermost. 

The  principal  difference  in  the  other  makes  of  hinges  or  butts 
lies  in  the  arrangement  of  the  spring  or  springs  which  close  the 
door  and  bring  it  to  its  proper  place  after  it  has  been  opened. 
Most  of  the  hinges  have  two  springs,  which  may  be  either  "simple" 
or  "compound,"  one  around  each  pin.  These  springs  are  clearly 
shown  in  the  hinge  in  Fig.  594,  which,  however,  in  its  detailed  con- 
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struction,  represents  an  old-style  hinge,  now  obsolete.  As  the  door 
is  opened  the  spring  about  the  pin  on  which  the  door  swings  is 
coiled  lighter,  and  the  reaction  throws  the  door  beyond  the  center, 


inge.  Fig.  SCS-     Coinincf  Spring-IIinje. 

bringing  the  stress  on  the  other  spring  which  reacts  in  the  same 
way.  All  high-class  hinges  of  this  type  now  have  the  springs  con- 
cealed within  hollow  cylinders. 

Of  hinges  or  butts  of  the  type  described  above,  the  "Botnmer,"* 
"Triplex," t  "American"}  and  "Oxford"!  are  among  those  extensively  useil 
on  good  work. 

The  new  "Bommer"  hinge  is  shown  in  Fig.  595.*  One  flange  is  screwed 
to  the  jamb,  care  being  taken  to  have  the  perforated  torsioning  spring-holder 
uppermost,  and  the  oihcr  flange  is  screwed  to  the  edge  of  the  door.  A 
raised  shoulder  on  the  upper  and  lower  edges  of  the  flanges  serves  as  a 
gauge  to  the  carpenter  in  putting  on  the  hinge  and  securing  accuracy  in 
fitting.  Another  peculiar  feature  of  this  hinge,  in  the  large  sizes,  is  the 
use  of  compound  spiral  springs  inside  of  the  cylinders ;  these  springs  give 
a  very  light  and  elastic  movement,  combined  with  great  power.  A  partial 
section  through  one  of  the  cylinders  of  the  larger  sizes,  Fig.  596,  ^ves  an 
idea  of  the  construction.    These  hinges  are  made  of  wrotight  steel,  plated, 

*  ManufKluTcd  by  Bommer  Brothers,  Broohlyn.  N.  Y. 

■|- Hanutaclured  by  the  Chicigo   Spring  Butl  Company,  Chicago,   III. 

t  Uanutactured  t>y  the  Columbian  Hardware  Company,   New  York  City. 


564  BUILDING-CONSTRUCTION.  (Ch.  VI) 

and  in  bronze-metal  or  brass,  in  sizes  to  fit  any  door.    The  bronze  and 

brass-metal  hinges   have  a  continuous   sleel  core   or   skeleton   running   from 

end  to  end.    The  wear  comes  entirely  upon  this  steel  interior,  and  not  in 

the  least  upon  the  bronze  or  brass 

exterior;  thus  the  disadvantages  of 

bearings    of    soft   bronze-metal   or 

brass  are  overcome.    Single-action 

hinges    and    special    patterns    for 

office-gales  and  water-closet  doors 

are  also  made  with  the  same  kind 

of   springs. 

The  "American"  spring-hinge  is 

Fis.  J96.     S«il<in      Through      Cylinders     of        '■'^^V  '""•=''  ''''^   '^«  ^'"S^  ^''O'*'"  ™ 

Bomnier  Spring-Hinge.  Fig.   5^   except   that  the   spring  is 

encased  in  cylinders  made  with  six 

knuckles,  resembling  the  Joint  of  a  loose-pin  butt.    This  is  a  very  powerful 

hinge,  suitable  for  very  heavy  doors. 

The  "Oxford"  hinge  somewhat  resembles  in  its  general  appearance  the 
"Bommer"  hinge,  but  is  cheaper  and  more  suitable  for  light  doors. 

353.  TYPES  OF  SPRING-HINGES.  As  has  been  indicated 
above,  spring-hinges  suitable  for  closing  double-acting  doors,  after 
they  have  been  opened,  are  of  two  general  types.  Those  of  one 
type  are  constructed  with  two  axes,  one  on  each  side  of  the  door. 
Those  of  the  other  type  have  only  one  axis  and  operate  on  pivots. 
Of  the  double-axis  type  of  spring-hinges,  the  "Chicago"  •  and  the 
"Triplex"  *  are  extensively  used.  They  are,  however,  distinctly  dif- 
ferent in  construction,  although  both  are  applied  to  the  jamb  of 
the  door.  Of  the  single-axis  type,  three  spring-hinges,  the  "Re- 
lax," *  the  "Premier"*  and  the  "Chicago"*  are  in  very  general 
demand.  These  three  hinges  are  of  decidedly  different  construc- 
tion. The  "Relax"  *  and  the  "Premier"  *  are  applied  to  the  sur- 
face of  the  floor  and  the  entire  mechanism  is  in  the  door.  The 
"Chicago"  mortise  floor-hinge  *  is  fixed  in  a  hole  in  the  floor. 

354.  MATERIALS  AND  SIZES  OF  SPRING-HINGES. 
All  of  these  are  made  in  wrought  steel,  bronze  or  brass-metal  and 
are  finished  in  any  plated  finishes  to  match  other  hardware.  All 
spring-hinges  are  made  in  various  sizes  to  fit  different  thicknesses 
of  doors.  It  is  advisable,  when  specifying,  to  consider  that  a  wide, 
low  door  is  more  difficult  to  swing  than  a  narrow,  high  door  of 
the  same  weight  and  thickness.  For  double-acting  doors  the 
largest  hinge  should  be  specified  which  the  thickness  of  the  door 
will  permit. 

355.  TYPES  OF  DOUBLE-AXIS  SPRING-HINGES.    The 

■  Uanutactured  by  Ihe  Chicago  Spring  Bult  Compiny,  Chicago,  111. 
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"Chicago  Triplex"  *•  spring-butt  is  shown  in  Fig.  599.  This  type 
of  hinge  is  attractive  in  appearance  and  efficient  in  action.  The 
action  is  produced  by  two  coil-springs,  each  concealed  in  a  cylin- 
der, one  on  each  side  of  the  door.  Th^  spring  has  a  torsion-action. 
The  tension  may  be  adjusted  by  means  of  the  tension-lug  in  one 
end  of  each  barrel.  This  lug  engages  with  one  end  of  the  spring 
and  is  adjustably  fastened  to  the  flange  with  a  rivet.  One  flange 
fastens  to  the  jamb  and  the  other  to  the  door.  The  lugs  in  the 
ends  of  the  barrels  operate  in  hardened  bushings,  and  wear  and 
friction  are  thereby  reduced  to  a  minimum.  The  unique  feature 
of  this  hinge  is  the  formation  of  the  body,  which  is  constructed  of 
two  barrels  and  a  connecting  web.  As  the  body  is  one  integral 
piece,  it  can  be  made  entirely  of  heavy  metal,  with  three-ply 
("Triplex")  heavy  metal  at  the  end  parts  between  the  barrels. 
This  integrity  of  construction  makes  the  use  of  rivets  for  fasten- 
ing separate  parts  together  unnecessary.  The  bronze  and  brass- 
metal  hinges  have  a  specially  constructed  body  with  a  seamless, 
intact  metal-surface  and  interior  steel  construction,  by  which  wear 
or  breakage  is  eliminated.  These  hinges  are  made,  also,  for  single- 
acting  doors  and  also  with  a  box  flange  for  clamping  to  marble 
partitions  in  hanging  water-closet  doors. 

The  "Chicago"  double-acting  spring-butt  is  shown  in  Fig.  597.* 
This  type  of  hinge  is  particularly  adapted  to  light  doors  subject  to 
excessive  use.  The  action  is  produced  by  a  single  large  coil-spring 
which  is  encased  in  a  box  frame  and  completely  concealed  when 
the  door  is  closed.  The  spring  has  both  a  torsion  and  a  leverage- 
action,  and  imparts  an  easy  but  positive  movement  to  the  door. 
Fig.  598  *  shows  the  "Chicago"  double-acting  blank  butt.  Light, 
narrow  doors  are  often  equipped  with  one  spring-butt  and  one 
blank  butt.  In  such  case  the  blank  butt  must  always  be  placed  at 
the  bottom  of  the  door  as  it  has  no  spring-power  to  carry  any 
weight  and  acts  rather  as  a  guide.  Such  a  combination  is  eco- 
nomical and  very  satisfactory,  as  the  spring-power  is  at  the  top  of 
the  door  where  it  is  actually  required. 

The  "Chicago  Triplex"  lavatory-door  spring-hinge  is  shown  in 
Fig.  600.  This  hinge  is  suitable  for  clamping  to  marble  parti- 
tions and  can  be  furnished  with  a  regular  spring  to  close  the  door, 
or,  when  preferred,  with  a  reverse-spring  to  throw  the  door  open 
when  released.  This  avoids  the  necessity  of  an  indicator-bolt  on 
water-closet  doors,  as  they  are  held  open  when  not  bolted  shut. 

356.  TYPES  OF  SINGLE-AXIS,  PIVOT-HINGES  AND 
FLOOR-HINGES.    The  "Chicago  Relax"  spring-hinge  is  shown 

*  Manufactured  by  the  Chicago  Spring  Butt  Company,  Chicago,  111. 
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in  Fig.  6oi.*  This  type  of  hinge  is  particularly  suitable  for  high- 
grade  residence  interior  doors,  such  as  those  between  dining-room 
and  butler's  pantry.  The  unique  feature  of  this  hinge  is  the  mecha- 
nism by  which  stepping  on  a  lever  disengages  the  spring-action  and 
allows  the  door  to  be  placed  open  at  any  desired  angle.  The  spring- 
action  automatically  re-engages  as  the  door  is  closed.  This  hinge 
has  a  torsion-spring,  the  tension  of  which  is  easily  adjusted.  The 
weight  of  the  door  is  carried  on  ball-bearings,  located  in  the  top  of 
the  hinge-frame.  The  hinge  is  of  the  single-axis  type  and  is  noise- 
less in  operation.  The  application  is  very  simple  as  it  is  applied 
to  the  surface  of  the  floor  and  into  a  rectangular  saw-cut  in  the 
door. 

The  "Chicago  Premier"  spring-hinge  is  shown  in  Fig.  602.* 
This  type  of  hinge  has  a  flat-wire  compression-spring  which  is 
operated  by  a  piston  acting  against  an  eccentric.  It  holds  the  door 
open  when  it  is  opened  to  90  degrees  in  either  direction  and  is 
known  as  a  "hold-back  hinge."  The  weight  of  the  door  is  carried 
on  ball-bearings  and  the  eccentrics  are  equipped  with  roller-bear- 
ings, so  that  wear  and  friction  are  reduced  to  a  minimum.  The 
application  is  very  simple  as  it  is  fastened  to  the  surface  of  the 
floor  and  into  a  rectangular  saw-cut  in  the  door.  An  alignment- 
feature  allows  the  carpenter  to  align  the  door  with  the  casing  after 
it  is  fitted. 

The  "Chicago"  mortise  floor-hinge  is  shown  in  Fig.  603.*  This 
type  of  hinge  is  set  in  a  hole  in  the  floor  and  operates  the  door  by 
a  torsion-spring.  The  tension  is  adjustable  and  the  weight  of  the 
door  is  carried  on  ball-bearings  in  the  bottom  of  the  hinge-box. 
The  upper  end  of  the  hinge-pintle  has  a  square  end  which  engages 
with  a  shoe.  This  shoe  is  mortised  into  the  door.  A  side  plate 
on  each  side  of  the  door  fastens  to  this  shoe  with  screws,  and 
clamps  the  door  rigidly  to  the  shoe.  The  position  of  the  mecha- 
nism of  the  hinge  below  the  floor  permits  the  use  of  a  spring  of 
large  diameter.  Cutting  into  the  floor  for  it,  however,  frequently 
interferes  with  girders  or  iron  beams.  Where  the  floor  is  of  tile 
or  concrete,  a  box  is  furnished  to  imbed  in  it  and  in  this  box  the 
hinge  is  fastened  with  machine-screws. 

A  serviceable  hinge  for  double-acting  doors,  which  has  been  on 
the  market  for  some  years,  is  the  "New  Idea"  double-acting  spring- 
hinge,  shown  in  Figs.  604  t  and  605. t  The  door  swings  on  a  pivot 
or  pintle,  which  is  supported  by  the  arms  A,  Fig.  605,  of  the  jamb- 
plate,  and  let  into  the  door,  so  that  nothing  but  the  face-plates 

•  Manufactured  by  the  Chicago   Spring  Butt   Company.   Chicago,   III. 
t  Manufactured  by  the   Stover   Manufacturing    Company,  Freeport,  HI. 
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Fis.  600.     Chkato     Triplex 
L«y»lor)r-Door      Spring- 
Hinge. 


Chicago 


Fig.  GDI.     Chicago  Premier  Sprii 


Fig.  60].^    Chicago     Mori 
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and  the  arms  of  the  jamb-plate  are  exposed.  With  this  hinge  it  is 
advisable  to  use  a  concave  jamb-strip,  as  shown  in  Fig.  604.  This, 
however,  is  not  always  necessary  and  is  not  always  done;  often  a 
quarter-round  is  run  on  the  casing  on  each  side  of  the  jamb-plates 
and  this  answers  the  purpose,  but  does  not  make  quite  so  good  a 
job.  The  concave  jamb-strip  is  more  ornamental  than  the  plain 
strip  commonly  used,  and  the  joint  between  the  door  and  strip  is 
much  closer  than  is  possible  with  some  double-acting  hinges ;  but  as 


Fif.  604.     New  Idea  Ddu 


the  door  cannot  leave  its  pivot,  it  cannot  be  swung  around  through 
180  degrees  and  fastened  back  to  the  wall  out  of  the  way  of  the 
opening.  The  leaves  of  the  hinge  that  are  fastened  to  the  door  di- 
vide on  the  line  of  the  pintle  for  convenience  in  applying;  this  also 
allows  of  two  finishes  on  one  hinge.  Besides  the  plain  hinge  shown 
in  Fig.  604,  ornamental  hinges  are  made.  Aside  from  the  orna- 
mentation these  patterns  differ  from  the  plain  ones  in  that  the  jamb- 
plate  has  molded  edges  which  are  exposed.  The  wooden  jamb- 
strip  is  made  of  the  same  profile  and  cut  against  it.  Bommer 
Brothers,  also,  make  several  forms  of  pivot-hinges  of  both  vertical 
and  horizontal  types.  Practically  all  the  large  hardware-manufac- 
turers make  floor  spring-hinges  which  can  be  adjusted,  as  to  ten- 
sion, without  removing  the  door.  They  are  usually  double-acting 
to  swing  both  ways,  and  are  made  of  iron,  wrought  steel,  wrought 
bronze  and  wrought  brass  in  various  finishes. 
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The  floor-hinge  is  in  many  cases  succeeding  the  double-acting 
spring-butt,  at  least  for  residence-work.  It  is  made  as  a  simple 
hinge  or  as  a  checking-hinge,  the  checking-mechanism  being  en- 
cased and  set  below  the  floor.  The  "Russwin"  *  floor-hinges  are 
so  constructed  that  the  tension  on  the  spring  can  be  changed  at 
any  time  without  taking  down  the  door.  By  removing  half  of  the 
divided  cover-plate  easy  access  can  be  had  to  all  working-parts. 
The  majority  of  the  large  manufacturers  also  make  hinges  of  this 
or  a  somewhat  similar  type.  Pivot-hinges  for  use  on  secret  doors 
are  made  by  at  least  one  manufacturer.! 

357.  CHECKING  SPRING-HINGES.  For  many  years  a 
checking  spring-hinge  has  been  extensively  used  for  both  double 
and  single-acting  doors  in  first-class  buildings.  With  this  hinge 
the  door  is  hung  on  two  pivots,  one  fitting  into  the  adjustable 
socket  mortised  into  the  top  of  the  door,  and  the  other  working  in 
connection  with  a  spring  and  checking-mechanism  contained  in  a 
hermetically  sealed  casing  sunk  in  the  door-sill.  By  means  of  the 
checking-liquid  the  swing  of  the  door  is  positively  controlled,  and 
the  door  closed  without  slamming.  The  spring-mechanism  is  so 
designed  that  the  spring-tension  does  not  increase  as  the  door  is 
opened. ,  The  maximum  power  is  exerted  by  the  spring  when  the 
door  is  in  its  closed  position.  This  type  of  hinge  is  used  when  it 
is  desirable  to  eliminate  all  projections  from  a  door,  and,  in  some 
cases,  the  body  of  the  hinge  is  set  below  the  door-sill,  with  the 


^^ 


Fl«.  606.    The    Bardsley   SJngle-Aeling  Check  I 

itig  Spring-Hinge.  „,.._ 

ing  Spring-Hinge. 

bottom  pivot  projecting  through  the  sill  into  the  door  itself;  thus 
the  hinge  is  entirely  invisible.     Figs.  606  J  and  607  \  show  details 

•  Manutaclured  by  the  RuMeli  &  Erwin  ManufacLuring  Company,  Nrw  Briiain    Conn 

t  P-  &  F.  Corbin,  New  Briiain.  Conn. 

t  Manufaclured  by  the  Joseph  Bardiley  Manufacturing  Company,  New  York  Cily. 
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of  this  checking  spring-hinge  for  use  on  single-acting  doors.  Sev- 
eral other  manufacturers  make  similar  devices  and  each  maker 
claims  some  points  of  superiority  over  the  others.  The  "Russwin" 
pivot-hinges,  shown  in  Fig. 
608,*  are  made  of  extra-heavy 
cast  bronze,  and,  as  they  are 
ball-bearing,  they  will  carry  the 
heaviest  of  doors. 

358.         SPRING-HINGES 
WITH  REVERSE-SPRINGS. 
A  special  single-action  spring- 
butt-hinge    {Fig.   6o9t)i   with 
reverse-springs    to   throw    the 
door  open,  is  much  used  to  hang 
the    outside    doors    and    stall- 
doors    of    fire-engine    houses. 
For  extra-heavy,  large,  or  wide, 
front  doors,  three  or  four  of 
these   hinges   should   be    used. 
They  are  made  of  solid  brass  or 
bronze,    or    of    japanned    or 
bronze-plated     malleable    iron, 
with  springs  protected  from  the 
weather.     Fig,  610  J  illustrates 
the  surface-type  of  the  "Chica- 
go"    fire-engine     house     and 
Fig.  60a.   The  Ru5s*in  Pivoi-Hinge.         garage   spring-lilnge,   and   Fig. 
61 1 1  the  mortise-type  of   the 
same  hinge.     Fig.  609  is  used  in  connection  with  automatic  latches 
similar  to  Fig.  6i2.t    The  latch  is  usually  fastened  above  the  door, 
and  is  released  by  pulling  a  wire  carried  to  a  convenient  point  in  the 
engine-house,  usually  over  the  driver's  seat  of  the  foremost  piece  of 
apparatus.     When  the  latch  is  released  the  door  swings  open  auto- 
matically.    When  closing,  the  door  depresses  the  latch  and  strikes 
against  the  spring-bumper,  which  checks  its  momentum ;  the  latch 
then  springs  back  into  place  and  holds  the  door  against  rebound. 
Fig.  612a  I  illustrates  the  "Qiicago"  checking-bumper  and  holder 
mortised  into  the  floor  and  used  with   Figs.  610  and  611.     Fig. 
6\2bX  illustrates  a  type  of  door-bolt  much  used  on  fire-engine  house 
and  garage-doors. 

t  Minufactured  by  Bommer  Brolhcrj,  Braoklyn.  N.   Y. 

t  MBDufBclured  by  the  Chicaga   Spring   Buti  Company,  Cbicago,   111. 
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359.  SLIDING-DOOR  HANGERS  *  Sliding  doors  are  now 
almost  always  hung  from  the  top  by  hangers  which  roll  on  a  track 
secured  to  the  inside  of  the  studding  or  hung  from  the  header 
above  the  opening  and  pocket.  There 
are  a  great  many  styles  of  hangers  and 
several  kinds  of  tracks  in  the  market, 
and  It  is  often  puzzling  to  the  architect 
to  know  what  to  specify.  With  any 
hanger  that  rolls  on  a  track  the  most 
important  considerations,  aside  from 
strength,  are  the  friction  of  the  hanger 
on  the  axle,  and,  if  on  a  fixed  track,  a 
practical  arrangement  for  adjusting 
without  taking  off  the  door ;  the  matter 
of  noise  is  also  an  important  considera- 
tion with  house-door  hangers.  The 
track,  also,  is  nearly,  if  not  fully,  of 
equal  importance  with  the  hanger;  it 
should  be  straight  and  capable  of  ad- 
justment in  case  the  studding  to  which 
it  is  attached  should  settle.  In  most  of 
the  hangers  the  friction  is  reduced  by 
permitting  the  hanger  to  roll  on  the  axle 
while  the  wheels  of  the  hanger  are 
rolling  on  the  track,  although  several  of 
the  latest  devices  have  ball  or  roller- 
bearings. 

One  of  the  best  combinations  of 
track-hangers  that  the  author  has  yet 
seen    is    that    of    the    "Richards    No. 

221,  Advance"  noiseless  ball-bearing  trolley  Kouse-door  hanger,  with 
adjustable  track,  shown  in  Fig.  613.  As  will  be  seen  the  track  is  of 
the  wood-lined  clincher  type  with  hard-maple  runway.  The  track  is 
secured  to  a  wood  header  above  by  adjustable  screws  and  can  easily 
be  removed  after  the  walls  are  plastered.  The  wheels  of  the  hanger 
have  a  raised  rim  which  fits  into  the  groove  in  the  track,  so  that  they 
cannot  possibly  get  off  the  track  and,  at  the  same  time,  each  wheel 
has  a  bearing  on  each  side.  The  wood-lined  track  practically  does 
away  with  all  noise,  and  the  door,  being  suspended  from  a  point 
midway  between  the  trolley-wheels,  hangs  perfectly.  The  hangers 
have  forged-steel  yokes  and  the  axles  of  the  wheels  have  ball- 
bearings, which  reduce  the  friction  to  a  minimum.     The  doors  can 

*  Much  of  the  matter  on  door-hangers  was  furnished  by  the  Richards- Wilcox  Manufac- 
turing Co.,  Aurora,  III. 


Fig.  609.     Bommer  Special  Single- 
Action  Spring-Butt. 
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also  be  slightly  raised  or  lowered  by  an  adjusting-screw  on  the 
bottom  of  the  hanger.  The  wooden  header  shown  in  Fig.  613  is 
furnished  with  the  track,  so  that  the  putting  up  of  the  track  is  a 
very  simple  matter.  This  hanger  and 
track  requires  a  clear  space  of  2K  inches 
between  the  studs,  and  a  vertical  height  of 
6'/i  inches  from  the  top  of  the  door  to 
the  top  of  the  track-header  shown  in  Fig. 
613.     (See,  also,  Art.  260.  division  5.) 

360.  TROLLEY-TRACKS  FOR 
SLIDING  DOORS.  Another  very  satis- 
factory arrangement  for  hanging  sliding 
doors  is  a  trolley-track  similar  to  that 
shown  in  Fig.  614.  The  trolleys  or 
wheels  which  carry  the  door  run  inside  of 
the  track  as  shown  in  Fig.  615.  As  the 
track  is  made  of  rolled  steel,  it  possesses  a 
great  deal  of  strength,  and  therefore  it  re- 
quires but  few  supports  and  can  readily 
be  adjusted.  It  is  absolutely  impossible 
for  the  wheels  to  get  out  of  place  on  this 
track,  or  for  any  dirt  to  get  inside  of  it. 
It  also  requires  less  space  between  the 
Pis.  6io.  Sutfacc-Typc  of  studs  than  Other  tfacks,  3  iuchcs  being  suf- 
«nd"o»ram*^spn'n'g.ii'ing«*'  fi*^'cnt  for  doofs  1^  inchcs  thick.  Sev- 
eral grades  and  kinds  of  hangers  are 
made  to  suit  different  requirements. 

The  trolley-track  is  especially  well  adapted  for  large  doors  or 
sliding  partitions  which  have  to  slide  some  distance.  In  such  cases 
it  will  be  best  to  place  the  doors  outside  of  the  partition  and  incase 
the  track  in  a  false  beam  or  cornice,  so  that  it  can  easily  be  gotten 
at  for  adjustment. 

Trolley-tracks  and  hangers  •  for  a  variety  of  purposes  are  made 
by  several  manufacturers.  The  principle  of  construction  is  prac- 
tically the  same  in  each,  but  the  details  are  different.  The  "Lane" 
hanger  of  this  type  is  arranged  on  the  side-adjustment  principle, 
which  prevents  the  rubbing  of  the  door  and  permits  adjustment  if 
shrinkage  or  swelling  occurs.     (See,  also,  Art.  260,  division  5.) 

361.  SINGLE  IRON-BAR  TRACKS  FOR  SLIDING 
DOORS.  Next  to  the  trolley-track  the  author  would  place  the 
single  iron-bar  track,  one  type  of  which,  the  "Lane,"  is  shown  in 
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Ffe.  616.  The  track  is  placed  directly  over  the  central  vertical  longi- 
tudinal plane  of  the  door  and  is  attached  to  a  board  called  the  "track- 
plate"  by  means  of  iron  brackets  riveted  to  the  track  and  screwed  to 
the  track-plate.  This  track-ptate  should 
be  one  piece  of  well-seasoned  pine  of 
the  same  length  as  the  track ;  it  should 
be  put  up  perfectly  level  and  securely 
nailed  to  the  studding.  A  plank,  H, 
Fig.  616,  should  be  securely  nailed  be- 
tween the  two  lines  of  studs,  a  suf- 
ficient distance  above  the  track  to  keep 
the  space  of  uniform  width,  i-ievent 
the  studs  from  springing  and  protect 
the  wheels  and  doors  from  dropping 
plaster.  The  track,  being  of  steet  can- 
not warp,  and  as  it  is  attached  ;»l  but 
one  side  of  the  partition,  it  is  nr'  jub- 
ject  to  derangement  in  case  the  two 
sides  should  settle  unequally. 

The  single  track  is  now  used  by  sev- 
eral manufacturers,  that  and  the  trol- 
ley-track having  almost  displaced  the 
double  wooden  track,  except  for 
cheaply  constructed   buildings. 

The  hangers  used  on  these  tracks  re-   ^'tfe.si'i  Mofii»f-T?p«  of  afcago 

°  .,  ,  ,  -      ,  ,  Tirt-Eneine   HauM   and   Garage, 

quire    an    accessible    and    practicable       spring-Hinge. 
means  of  adjustment,  so  that  either  the 

front  or  back  edge  of  the  door  may  be  raised  in  case  the  bearing- 
partition  settles;  and  an  anti-friction  provision  should  be  installed 


for  the  wheels.  The  method  of  adjustment  varies  with  each  make 
of  hanger,  but  a  great  many  have  an  adjustment  somewhat  similar  to 
that  shown  in  Fig.  618,  which  works  very  well  for  the  front  edge  of 
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the  door,  but  cannot  so  readily  be  got  at  on  the  back  edge.  This  ad- 
justment also  necessitates  right  and  left-hand  hangers.  Several 
hangers  are  adjusted  by  means  of  a  serrated  screw,  as  in  Fig.  617, 

which  represents  the  "Lundy"  * 
hanger,  and  in  Fig.  620,  the 
Lane  "New  Model"  parlor-door 
hanger. 

Previous   to  the   introduction 
^     . .      „  ,    of   the    roller    and   ball-bearing 

Fig.  612a.     Chicaeo   Checking  Bumper   and     ,  ..  .    .  ^  . 

Holder.  haugers  the  provision  for  anti- 

friction had  generally  consisted 
in  permitting  the  axle  of  the  wheels  to  roll  in  a  slot  in  the  hanger- 
carriage,  as  shown  in  Fig.  617,  and  this  has  been  found  to  give  very 
satisfactory  results  for  parlor-doors.  If  a  door  has  to  slide  a  long 
distance,  however,  this  arrangement  becomes  impracticable  on  ac- 
count of  the  great  length  of  slot  required.  For  ordinary  parlor 
or  barn-doors,  a  sufficient  length  of  slot  can  easily  be  provided, 
and  hangers'  of  this  style  are  much  to  be  preferred  to  cheap 
roller  or  ball-bearing  hangers.  In  fact,  it  is  generally  admitted 
that  there  is  no  bearing  so  poor  and  unreliable  as  a  poor  quality 
ball-bearing.  A  ball-bearing  hanger,  therefore,  that  is  sold  for  less 
than  the  standard  hangers,  should  be  looked  upon  with  suspicion. 
Roller-bearings  are  more  durable,  as  the  rollers,  when  of  the  same 
quality,  have  a  greater  crushing-resistance. 

Fig.  618  shows  the  "Lane"  f  single-rail,  ball-bearing  parlor- 
door  hanger,  which  is  the  same  as  this  company's  standard  hanger 
except  in  the  bearing,  the  "Standard"  hanger  having  a  slot-bearing 
similar  to  that  in  the  "Lundy"  hanger.  The  ball-bearings  in  the 
"Lane"  hanger  have  cups  and  cones  carefully  made  and  hardened, 
and  polished-steel  balls  guaranteed  not  to  crush,  the  quality  and 
workmanship  being  equal  to  that  in  high-grade  bicycle-bearings. 
This  bearing  adds  slightly  to  the  cost  of  the  hanger,  as  well  as  to 
its  working-quality  and  durability.  Ball-bearing  and  roller-bear- 
ing hangers  are,  of  course,  adapted  to  any  length  of  track.  Fig. 
619  shows  the  details  of  application  of  the  "Lane"  trolley  door- 
hangers  to  parlor-doors. 

The  "New  Model,"  f  parlor-door  hanger,  shown  in  Fig.  620,  rep- 
resents, perhaps,  one  of  the  best  of  the  low-priced  hangers,  the 
reduction  in  cost  being  due  to  the  smaller  amount  of  material  and 
somewhat  less  labor  required  in  its  construction.  It  'has  roller- 
bearings  running  on  a  hard-steel  bushing.     The  adjustment  is  made 

*  Manufactured  by   the   Richards-Wilcox   Manufacturing   Company,   Aurora,   111. 
t  Manufactured  by  the  Lane  Brothers  Company,  Poughkcepsie,  N.  Y. 
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by  means  of  a  nut  with  serrated  projections  or  flanges  both  above 
and  below  the  fastening-plate,  so  that  the  nut  may  be  turned  either 

from  the  edge  of  the  door  above  the  plate 

or   from  the  side  by  removing  the  stop. 

(See,  also,  Art.  260,  division  5.) 

362.  ADVANTAGES  AND  DIS- 
ADVANTAGES OF  DOUBLE- 
TRACK  HANGERS.  When  parlor- 
door  hangers  were  first  introduced,  two 
tracks,  generally  of  wood,  were  used  for 
the  hangers  to  run  on,  and  several  types 
of  double-track  hangers  are  still  used. 
As  has  been  stated,  the  principal  objec- 
tion to  a  double-track  hanger  is  that  the 
two  sides  of  a  sHding-door  partition  are 
very  apt  to  settle  unequally,  and  leave 
the  tracks  at  unequal  heights,  and  this  in- 
terferes with  the  proper  working  of  the 
hanger.  As  long  as  the  tracks  are  on  a 
level,  however,  double-track  hangers 
work  fully  as  well  as  single-track  hangers, 
and  if  there  were  no  chance  of  the  parti- 
tion settling  the  double-track  hangers 
would  be  preferable.  (See,  also.  Art 
260,  division  5.) 

363.  ELEVATOR-DOOR  HANG- 
ERS. A  perfectly  noiseless,  easy-run- 
ning elevator-door  hanger  for  apartment- 
houses,  hotels,  office-buildings,  etc.,  is  the 
"Invincible"*  l>all-bearing  hanger,  (See 
Fig.  622.)  This  hanger  has  perfect  ad- 
justment, a  forged-steel  yoke,  and  high- 
est-grade hardened  bearings;  it  has  been 
used  extensively  in  large  cities  through- 
out the  country.  Fig.  621  *  illustrates 
one  of  the  better  types  of   double-track 

hangers.  Fig.6iit.    Chici^o  Fire-Engine 

364.  BARN-DOOR  HANGERS.       boiT  '"     ^'""      "' 
Barn-doors  are  now  generally  hung  from 

an  overhead  track  in  much  the  same  way  as  house-doors,  except 
that  the  hanger,  being  exposed,  is  commonly  screwed  to  the  inside 
of  the  door. 

■  MinufacluTcd  bj  tbe  Riclurdi-Wilcoic  MutafacturinE  Company,  Aurora,  111. 
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Most  of  the  manufacturers  of  parlor-door  hangers  also  make 
barn-door  hangers  that  work  in  about  the  same  way  as  their  house- 
door  hangers.  One  type  of  trolley  barn-door  hanger  *  has  the 
same  form  of  track  as  that 
shown  in  Fig,  614,  which 
varies  in  size  to  correspond 
with  the  size  and  weight  of 
the  door,  and  the  hangers 
themselves  are  of  the  same 
general  pattern,  although 
the  manner  of  attaching 
them  to  the  door  is  entirely 
different.  A  vertical  and 
lateral  adjustment  is  pro- 
vided to  move  the  door 
sidewise  in  case  it  should 
warp  or  bind  against  the 
__  wall,  or  in  case  of  any  set- 

FIs.  613.     Advance  Ball-Bearing  Trolley  Hinue-      ,,.  f     it.        j.-     l  t^i 

Door  Hanger.  tlmg  of   the   timbcts.     The 

trolley-track  is  especially 
suitable  for  places  where  the  track  is  exposed,  as  nothing  can  pos- 
sibly get  into  it  and  it  requires  no  hood. 

The  Lane  Brothers  Company  barn-door 
hangers  and  track  are  also  quite  similar  to  their 
standard  parlor-door  hangers  and  work  very 
satisfactorily. 

Barn-doors  so  equipped  should  be  provided 
with  one  or  more  stay-rollers  at  the  bottom  to 
prevent  their  being  blown  in  and  to  keep  them 
in  line.     (See,  also.  Art.  260,  division  5.) 

365.  TRACKLESS  DOOR-HANGERS.  ^''"TrolieA^k!  "' 
Besides  the  class  of   sliding-door  hangers  that 

roll  on  a  track,  there  was  also  a  distinct  type  of  hanger  which 
operated  the  door  by  means  of  a  hinged  or  pivoted  frame  working 
on  the  principle  of  scissors  or  of  a  parallelogram,  the  corners  of 
which  are  required  to  be  at  the  same  level.  This  frame  was  at- 
tached to  the  back  edge  of  the  door  and  the  door  was  so  made  as 
to  slide  by  it.  These  hangers  are  very  little  used  to-day.  (See, 
also.  Art.  260,  division  5.) 

366.  FOLDING-SLIDING  OR  ACCORDION  DOORS. 
This  method  of  hanging  doors  is  used  largely  in  churches,  libraries, 
class-rooms,  auditoriums  and  similar  buildings.  It  economizes 
Space  and  light  and  reduces  the  cost  of  construction.     The  parti- 

*  Jlinufaclured  b^  the  Sicbf  rd9-Wi)co;[  Hanufactutin;  Companr,  Aurora,  la 
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tions  can  be  put  in  to  divide  and  subdivide  spacious  rooms  for 
class-rooms,  studios,  etc.,  and  then,  when  desired,  can  be  folded 
up  against  the  wall  so  that  the  entire  room  can  be  utilized  as  one. 
They  are  also  used  for  piazzas  in  the  winter.     For  these  purposes 


Detail  Showing  Hanging  of  Door 


trolley-track,  brackets  and  swivel-hangers  are  used;  the  hangers 
have  vertical  adjustment.  (See  Fig.  624.*)  .These  swivel  fold- 
ing-door hangers  have  been  used  very  largely  in  the  Young  Men's 
Christian  Assocation  buildings  throughout  the  country. 

The  doors  should  not  exceed 
three  feet  in  width.  Any  number 
of  doors  may  be  placed  in  the 
opening  commencing  with  a  half- 
door  hinged  to  the  jamb  at  either 
side  of  the  opening.  This  half- 
door  must  be  exactly  one-half  the 
width  of  the  other  doors,  less  the 
"throw"  of  the  hinge  as  shown  in 
Fig  623  *  There  should  be  one 
swivel-hanger  on  each  alternate 
door  only,  and  this  hanger  should 

be  placed  on  the  exact  center  of  pi^.  g.^.  ^^■a  „f  AppiioHon  rf 
the  top  surface  of  the  upper  rail  ^"^  Hanger. 

■of  the  door  (see  Fig,  625*).     To 

accomplish  this,  it  is  best  to  hinge  the  doors  together,  fold  them 
and  strike  a  line  across  the  centers  and  set  hangers  on  this  line; 
then  when  the  doors  are  hung  and  folded  back  the  hangers  will  be 
in  perfect  alignment  and  work'  easily. 

While  by  this  means  doors  of  much  greater  weight  than  one 
hundred  pounds  have  been  successfully  hung,  they  should  not,  if 
possible,  exceed  this  weight,  as  a  hanger  is  used  on  each  alternate 
door  only ;  and  when  the  doors  are  folded,  the  entire  weight  is  con- 

*  Manufaclured  bjr  the   Richards-Wilcox  Manuficlurinf  Company,  Aurora,  III. 
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centrated  on  a  few  inches  of  track.  The  distance  usually  allowed 
from  top  of  door  to  heading-timber  is  s  inches  (see  Fig.  625). 
The  track  should  be  as  long  as  the  opening  is  wide,  the  brackets 
being  spaced  from  2  to  21/2  feet  apart.  One  manufacturer  *  makes 
a  special  swivel  ball-bearing 
hanger  for  this  purpose 
which  works  very  satis- 
factorily. Fig.  626*  shows 
a  perspective  of  a  set  of 
folding- sliding  doors  and  a 
detail  of  the  hanger  used 
with  them. 

367.        SLIDING-DOOR 
HANGERS       FOR 
SCHOOL-ROOM  DOORS. 
For  dividing  class-rooms  in 
the    public    schools    of    our 
large    cities,    notably    New 
York       and       Philadelphia, 
the  boards  of  education  have  adopted  extensively  the  use  of  "sliding 
doors   which   are    faced    with    slate   blackboards   and   operate   on 
parallel  and  curved  overhead  trolley-tracks  and  knuckle-joint  ball- 
bearing hangers  (see  Fig.  627*).     These  doors  when  in  use  form 
a  perfectly  straight  line  across  the  opening,  and  when  so  desired 
can  be  lined  up  side  by  side  in  a 
pocket  occupying  the  space- width  of 
one   door.     The   doors   used   weigh 
from   500  to  800  pounds  but  they 
slide  so  easily  and  perfectly  that  a 
child  can  operate  them.     The  "Rich- 
ards-Wilcox,     No.     S-444"*     flush 
door-hangers    are    supplied    largely 
for  this  work. 

When  doors  are  hung  as  in  Fig. 
623  it  is  necessary  to  use,  instead 
of  butts,  hinges  similar  to  the  one 

shown     in     Fig.     585.    They     are       ^'^  *'^  ^Ha^r'  «'"-^"""» 
screwed   to  the    face   of   the   door, 

and  at  least  three  are  used  to  a  fold.  This  company  also  makes 
several  types  of  garage-door  hangers  for  use  under  varying  con- 
ditions.    (See,  also.  Art.  260,  division  ■;.} 

368.     BALANCED    DOORS,     The   outside   doors   of    freight- 
elevator  shafts  and  also  of  freight-sheds  are  usually  hung  to  slide 

•  Hinafacturcd  by  tbe  Richardi- Wilcox  Manufacturing  Company,   Aurora,   111 
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up  and  down,  as,  generally,'  tliere  is  not  room  for  swinging  doors. 
When  the  expense  will  permit,  self-coiling  steel  shutters  or  doors 
are  considered  the  best  means  of  closing  such  openings,  but  for 


ordinary    mercantile    buildings    large    single    doors    balanced    by 
weights  are  more  commonly  used. 

Balanced  doors  should  preferably  be  hung  from  overhead  pul- 


Fiff.  «i<i.     Lane  New  Model  t^rlor-Door  Hanieri. 

leys,  as  in  Fig.  628.  with  either  metal  bands  or  sash-chains  for 
connecting  the  weights  with  the  door.  An  8-inch  roller-bearing 
overhead  pulley  *  is  made,  by  means  of  which,  with  the  use  of 
cable-chain,  wire  cable  or  sash-ribbon,  doors  weighing  up  to  500 
pounds  may  be  raised  or  lowered  with  ease. 

■  Mannfsctated  by  tbc  Gardner  Suh  Pulley  Company,  Morrii,  111. 
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369.    LOCKS  AND  LATCHES.    So  many  types  of  locks  for 


securing  the  doors  of  buildings  are  now  1 


-Trick  HouM-Door  Hantei. 


ifactured  and  on  sale 
by  hardware-d  e  a  1  e  r  s, 
that  it  is  impossible  to 
describe  all  of  the  dif- 
ferent patterns.  An 
attempt  will  be  made  to 
describe  only  the  prin- 
cipal features  common 
to  most  locks,  the  man- 
ner in  which  they  work, 
and  some  of  the  special 
types  of  locks  with 
which  the  architect 
should  be  familiar. 
Locks  for  metal  doors 
and  windows  are  made 
by  several  hardware-firms  who  furnish  the  manufacturers  of 
metal  trim  with  templates  by  which  the  proper  mortises,  screw- 
holes,  etc.,  are  made  in  the  doors  or  windows.  A  "turret  "-lock" 
is  especially  designed  by  one  manu- 
facturer for  use  on  metallic  fire-proof 
doors,  whether  hollow  or  with  core. 

370.    CLASSIFICATION  OF 

LOCKS  AND  NAMES  OF  PARTS. 
In  regard  to  their  construction,  locks 
may  be  classified  as  "lever  tumbler- 
locks,"  "pin  tumbler-locks,"  "cylinder- 
locks,"  "rim-locks,"  "mortise-locks" 
and  "half-mortise  locks."  Kim-locks 
and  mortise-locks,  however,  differ 
only  in  the  shape  of  the  case:  a  rim- 
lock  is  made  to  be  fastened  to  the  face 
of  the  door;  a  mortise-lock  to  be  set 
into  a  mortise  cut  in  the  stile  of  the 
door.  The  internal  construction  is  the 
same  in  both  locks.  Fig.  629  f  shows 
lock-details  of  mortise  lever-tumbler 
and  mortise  cylinder  or  pin-tumbler  locks.  The  drawings  show  the 
"Yale"  mortise  cylinder,  front-door  lock;  lock-cylinder  and  key; 
mortise  lever  knob-lock ;  and  Triplex,  knob-spindle,  knob  and  escut- 
cheon-plate. The  following  key  explains  the  various  parts  of  the  locks : 

■  Manufaclufed  hy  the  Vale  &  Towne  Msnuficluiing  Company,  New   York  Citjr. 
t  Reproduced,  by  permiuioa  and  redcawn  from  Iheir  caulogue,  by  [be  Yale  &  Towne 
MjUiufacluriHB  CompanT,  New  York  City. 
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Lock-Details  and  Names. 
"Yale"  mortise  cylinder,  front-door  lock. 
"Yale-lock"  cylinder  and  its  key. 
"Yale"  mortise  lever  knob-lock.     ("Standard"  type.) 
"Yale  Triplex,"  knob-spindle,  knob  and  escutcheon-plate. 


The  nai 
numbers  : 


Armor-plate  of  lock-front 

Front,  or  face,  of  lock. 

Dead-bolt. 

Slop-work. 

Latch-bolt  (antifriction  type). 

Cap. 

Cylinder -ring. 

Cylinder-head. 

Plug. 

Key-way. 

Lock-case. 

Cam  (to  operate  bolt). 

Lock-front,  or  face. 

Latch-bolt. 

Thumb-bolt. 

Hub  (for  spindle). 


18.  Heel  of  tail-piece. 

19.  Lever- tumblers. 

20.  Fence   (on  dead-bolt). 

21.  Gatings   (of  tumblers). 

22.  Spacing  (of  knob  and  key-hole 

centers). 
33.    Back-set    (from   front  to  knob 
center). 

24.  Latch-bolt  spring. 

25.  Knob. 

26.  Knob-spindle    ("Triplex"  type). 

27.  Knob-screw  (side  or  set-screw). 
i&.    Knob-shank. 

29.  Thimble    (on   escutcheon-plate). 

30.  Escutcheon-plate. 

31.  Key   (Yale-cylinder  type), 

32.  Tail -piece. 
Key-hole. 


ng.  613.     nan  of  Folding-Sliding 


371.  LEVER-TUMBLER  LOCKS. 
TION.  Lever-tumbler  locks,  soine- 
tiines  called  "bit-key  locks"  or  bitted- 
key  locks,"  are  a  common  kind  of  locks 
operated  by  an  ordinary  key,  and  so 
called  because  the  secnrhy  of  the  lock 
depends  upon  "tumblers"  or  levers," 
which  must  be  raised  to  an  exact  po- 
sition before  the  bolt  can  be  thrown. 
These  locks  differ  a  great  deal  in  some 
of  the  details  of  their  constrnction  and 
also  in  the  methods  employed  in  their 
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i6.     Folding-SliULng  Doors  Using  Audilorium  Hangeii. 
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manufacture.  Most  of  the  locks  in  common  use  have  cast-iron 
cases  and  cast  bolts,  with  only  the  springs  and  tumblers  of  wrought 
metal  and  in  some  of  the  cheaper  locks  even  the  tumblers  are  of 
cast  iron.  These  locks  were  never  a  success  and  are  now  little 
used.  In  the  very  latest  patterns  of  tumbler-locks,  all  of  the  parts, 
including  the  case,  are  made  of  wrought  metal  by  means  of  the 
drop-forge  which  cuts  and  stamps  the  parts  to  the  desired  shape. 
The  ordinary  tumbler-lock  consists  essentially  of  the  following 


Fig.  637,     Detail  of  School-House  Hangtr  InMallation. 

parts:  (i)  the  "case,"  which  contains  the  works,  and  to  which 
the  "wards"  and  "guides"  are  attached;  (2)  the  "bolt";  (3)  the 
"levers"  or  "tumblers";  (4)  the  "catch"  or  "latch"  with  its  accom- 
panying springs;  (5)  the  "hub";  and  (6)  the  "key."  The  hub 
and  catch  are  not  a  part  of  the  locking-apparatus,  many  locks 
having  no  latch,  but  they  form  a  very  important  part  of  the  ordi- 
nary house-door  lock.  The  knobs  and  spindle  might  also  be  given 
as  a  part  of  the  ordinary  lock  and  latch,  as  they  are  necessary  to 
operate  the  latch. 

To  enable  one  to  understand  the  general  principles  upon  which 
a  tumbler-lock  is  constructed,  and  also  the  features  that  affect  the 
quality  of  a  lock,  a  short  description  of  the  various  parts  and 
the  way  in  which  they  operate  is  given. 

372.     THE  CASE.     This  part  is  usually  made  of  cast  iron,  fin- 
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ished,  usually  in  japan.  Steel  is  sometimes  used  but  steel-cased 
locks  in  the  United  States  have  not  proved  very  successful  and  few 
of  the  higher  grades  are  made  of  steel. 

The  cast  case  is  made  in  the  form  of  a  shallow  box,  as  in  Fig. 
630,  with  a  flat  cover,  fastened  in  place  by  a  screw.  The  front  of 
the  box  in  mortise-locks  is  usually  of  a  separate  piece  of  brass 

or  bronze-metal,  secured  to 
the  case  by  lugs  and  rivets. 
In  the  very  cheapest  locks 
the  face  is  made  of  iron  or 
steel. 

Most  cases  have  a  post, 
^f  ^^S'  360,  cast  with  the 
box-part,  and  also  guides 
for  the  latch-bolt. 

373.  THE  WARDS. 
On  the  inside  of  the  cover 
of  the  case  near  the  key- 
hole a  small  projection,  W, 
Fig.  630, 'is  commonly  cast, 
necessitating  a  correspond- 
ing cut  in  the  sides  of  the 
key  to  allow  it  to  turn. 
This  projection  is  called  a 
"ward."  In  ancient  locks 
the  wards  were  quite 
elaborate,  and  much  de- 
pendence was  placed  upon 
them  for  the  security  of 
the  lock.  While  it  is  true 
that  wards  prevent  the  use 
of  any  ordinary  key  not 
made  to  fit  the  lock,  they 
do  not  interfere  with  the 
picking  of  the  lock  by  an 
experienced  lock-picker,  and  in  the  better  grades  of  locks  they  are 
now  usually  omitted. 

Another  device  often  seen  on  cheap  locks,  to  prevent  the  use  of 
any  but  the  right  key  in  the  lock,  is  a  projection  on  the  side  of  the 
key-hole,  as  shown  in  Figs.  630  and  632.  The  projection  requires 
a  corresponding  depression  in  the  face  of  the  key,  but  as  ordinarily 
made  this  is  no  safeguard  against  burglars,  as  a  thin  key  can  be 
slipped  by  the  projection,  or  the  projection,  being  of  cast  iron,  can 
easily  be  broken  off.     A  professional  lock-picker,  however,  gen- 
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Fig.  628.     Detail  of  Door  Sliding  Up  and  Down. 


LOCK-CONSTRUCTION.  585 


Vit.  619.     General  Lock-CoDatruclion. 
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Fig.  630.     Sargent's  Easy- Spring  Lock  and  Cover. 


erally  uses  pieces  of  stout  wire  to  operate  the  lock,  and  against 
these,  wards  and  key-hole  projections  are  no  protection. 

374.  THE  BOLT.    The  bolt  which  secures  the  door  is  gen- 

erally made  quite 
heavy  where  it  pro- 
jects beyond  the  face- 
plate, but  is  thinned 
down  inside  the  lock 
so  as  to  be  as  light  as 
possible  and  to  give 
space  for  the  levers. 
The  general  shape  of 
the  common  cast  bolt 
is  shown  in  Fig.  631. 
The  notch  A  is  the 
point  where  the  key 
catches,  the  post  B  is 
the  part  which  catches 
in  the  levers,  and  the 
slots  C  fit  over  a  guide- 
post  on  the  case. 
In  all  the  best  grades  of  cast  locks  the  bolts  are  of  brass  or 
bronze,  as  an  iron  bolt  is  too  easily  broken. 

375.  THE  LEVERS  OR  TUMBLERS.  Levers  or  tumblers, 
the  terms  being  used  synonymously,  are  flat  pieces  of  iron,  steel  or 
brass,  usually  fitted  with  a  spring,  which  are  so  arranged  m  the 
lock  that  the  bolt  cannot  be  "shot"  without  lifting  them.  This  can 
only  be  done  by  a  key  of  the 
proper  size  and  shape. 

There  are  from  one  to  five 
levers  in  an  ordinary  lock 
and  usually  they  are  placed 
one  over  the  other  and  pivoted 
over  the  guide-post,  as  shown 

in  Fig.  630.  The  connecting  gatings  are  cut  at  different  heights  so 
that  the  levers  must  be  lifted  unequally  in  order  to  permit  the  bolt 
to  move.  When  the  key  is  turned  in  the  lock  the  cuts  in  the  bit 
of  the  key,  which  are  made  to  match  the  levers,  bear  against  the 
"bellies,"  and  lift  the  levers  simultaneously  until  the  gatings  are 
exactly  on  a  line  with  each  other.  The  key  then  catches  in  the  notch 
in  the  bottom  of  the  bolt,  the  bolt-post  passes  through  the  gatings, 
and  the  levers  drop  as  the  key  turns,  catching  behind  the  bolt-post 
and  effectually  preventing  the  bolt  from  being  forced  back. 

There  are  many  different  arrangements  of  the  levers  and  some- 


Fig.  631.     Cast  Dead  Bolt. 
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times  more  than  one  set  is  used,  but  the  general  principle  is  the 
same  in  all  lever-locks.  It  is  obvious  from  the  above  description 
that  the  more  levers  a  lock  has  the  greater  will  be  the  security 
afforded,  and,  in  fact,  the  only  real  security  afforded  by  the  com- 
mon tumbler-lock  is  in  the  levers,  A  one-lever  lock  offers  litile 
security;  a  three-lever  lock  offers  ten  times  as  much.  By  trans- 
posing the  levers  and  changing  the  height  of  the  gatings  a  great 
many  changes  can  be  made,  no  two  of  which  can  be  operated  by 
the  same  key. 

376.  THE  LATCH  OR  CATCH.  This  is  in  reality  a  spring- 
bolt  with  a  beveled  face  intended  to  keep  the  door  closed  when 
shut  into  the  jamb;  it  is  operated  by  the  knobs.  There  are 
three  distinct  kinds  of  latches  in  common  use,  the  simple  spring- 
latch,  the  antifriction  latch  and  the  stop-latch  or  front-door 
latch. 

Nearly  all  of  the  later  patterns  of  locks  have  an  "easy-spring" 
action  for  the  latch-bolt,  which,  although  varying  somewhat  in  dif- 
ferent makes,  usually  consists 
of  an  arrangement  of  two 
springs,  one  only  of  which  is 
brought  into  action  when  the 
door  closes,  while  both  resist 
the  turning  of  the  knob. 
This  permits  the  latch-bolt  to 
be  easily  pushed  back,  and  at 
the  same  time  holds  the  knob 
firmly. 

This  is  more  clearly  shown 
in  Fig.  632.  This  is  the  best 
type  of  construction  and  gen- 
erally is  the  one  adopted  by 
all  standard  manufacturers  for 
the  highest  quality  of  locks. 
When  the  latch -bolt  is  thrown 
back  by  striking  the  plate  on 
the    door-jamb    it    is    resisted 

only  by  the  light  spiral  spring  fis-  63».   Lock  and  Uteh. 

around  the  shank  of  the  bolt, 

but  when  the  hub  is  turned  it  moves  forward  the  carriage  C,  and 
also  the  plate  D  on  the  end  of  the  latch,  thus  bringing  into  play 
the  stronger  spring  in  the  carriage  as  well  as  the  lighter  one  on 
the  bolt. 

In  the  "Sargent"  type  of  easy-spring  lock  (Fig.  630),  but  one 
spring  is  used,  the  "easy"  action  being  obtained  by  means  of  the 
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long  lever  A.  This  offers  but  slight  resistance  to  the  latch-bolt, 
while  the  turning  of  the  hub,  which  draws  back  the  carriage  C,  is 
directly  resisted  by  the  strong  spiral  spring.  This  is  a  good  inex- 
pensive lock. 

Most  lever-locks  are  now  made  with  reversible  latches.  The 
latch-shank  is  of  such  shape  thai  it  may  be  turned  over,  after  re- 
moving the  cap,  and  used  for  either  a  right  or  left-hand  door, 

377.  THE  ANTIFRICTION  STRIKE.  This  is  more  prop- 
erly called  the  "antifriction  latch-bolt."  The  ordinary  form  of 
latch  is  made  with  a  V-shaped  bevel,  the  long  side  of  which  strikes 

against   a   plate   on   the   door-jamb.     If   the 
fl  spring  on  the  latch  is  at  all  stiff  considerable 

1^     force  is  required  to  push  the  latch  back,  and 
there  is  much  wear  on  the  bevel  of  the  latch. 
To  overcome  this  the  antifriction  latch-bolt 
was  invented.     Fig.  633  shows  a  form  of  anti- 
friction   latch-bolt    used    by    several    manu- 
facturers.    The  .strike  is  about  ?ia  of  an  inch 
J       thick  and  is  placed  at  the  bottom  or,  in  some 
.        makes,  in  the  middle  of  the  latch;  the  latter 
'■   ^taich-Bou.  "' '""     is    considered    the    best    construction.     The 
strike    is   pivoted   as   shown   and    a   peg   on 
the  strike  works  in  a  slot  in  the  latch,  which  carries  it  back  without 
friction  on  the  sides.     The  antifriction  strike  is  not  required  where 
there  is  an  easy-spring  action,  although  it  is  a  desirable  feature  on 
front-door  locks  and  on  locks  used  for  heavy  doors. 

A  hinged  latch-bolt  is  used  by  the  various  manufacturers  in  sev- 
eral types  of  locks.  The  bolt  swings  back  into  the  face  of  the 
lock  by  means  of  a  pivot  or  pin  instead  of  sliding  back  as  in  the 
usual  form  of  lock.  It  is  operated  by  the  knob  from  both  sides 
and  by  the  key  from  the  outside.  The  outer  knob,  however,  may 
be  set  by  a  stop,  and  the  latch-bolt  may  be  dead-locked  from  the 
inside  by  a  thumb-turn,  giving  the  security  of  a  dead-lock. 

378.  THE  HUB,  This  is  a  solid  piece  of  metal,  brass  in  the 
better  grade  of  locks,  which  receives  the  spindle  and  turns  with  it. 
Two  arms  or  cams  are  usually  cast  on  the  hub  and  these  draw  back 
the  carriage  as  the  knob  is  turned.  The  hub  of  the  "Yale"  locks 
is  made  of  one  piece  of  malleable  iron  or  cast  bronze,  fitting  accu- 
rately the  flanged  bearings  of  the  case.  This  hub  has  an  oblong 
opening  for  the  spindle,  with  the  larger  dimension  horizontal,  to 
allow  for  that  shrinking  or  swelling  of  the  door  which  often  causes 
the  knobs  and  spindles  of  ordinary  locks  to  bind.     One  firm  of 

■  The  Yale  &  Towne  Manufactunng  Company,  New  York  City. 
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hardware  manufacturers*  makes  a  "gun-spring"  hub  which  gives 
the  hub  or  lever-handle  action  in  one  direction  only.  This  hub  is 
similar  to  that  found  in  use  on  the  continent  in  Europe. 

Zfg.  THE  KEY.  The  general  shape  of  the 
key  for  ordinary  tumbler-locks  is  shown  in  Fig. 
634.  The  best  keys  are  made  of  forged  steel, 
nickel-plated.  The  portion  of  key  marked  A  is 
called  the  "bow,"  B  is  the  "shank,"  and  C  the 
"bit."  The  notches  on  the  edge  of  the  bit  at  E 
are  made  to  fit  the  levers,  and  the  notches  at  F 
show  that  the  key-hole  is  protected  by  wards. 
For  locks  with  a  projection  on  the  edge  of  the 
key-hole,  the  key  has  a  groove  in  one  side  of  the 
bit  to  fit  the  projection,  as  shown  in  Fig.  632. 

380.    WROUGHT-METAL  LOCKS.    About 
the  year  1897  locks  made  entirely  from  wrought 
material  were  placed  on  the  market;  these  locks 
were  made  by  machinery  and  were  interchange- 
able  in   all   their  parts.     They   appeared   at  the 
time  to  mark  a  new  step  in  the  improvement  of 
the  ordinary  lock,  but  this  did  not  eventually  prove  to  be  the  case. 
Wrought-metal  locks  have  not  proved  satisfactory  and  are  now 
little  used  except  in  a  few  of  the  cheaper  grades  and  in  some  rim- 
locks.     The  Yale  "Vulcan"*  locks  were,  to 
the  author's  best  knowledge,  the  only  locks 
that  were  made  entirely  of  wrought  metal, 
but  their  manufacture  has  now  been  dis- 
continued  and   they   are  very   little  used. 
In  these  locks  the  case  was  pressed  from 
cold-rolled    steel,    ribbed    to    give   greater 
strength    and     stiffness.     The    posts    and 
guides  were  riveted  to  the  case,  as  was  also 
the  front. 

The  author  understands  that  the  Russell 

&  Erwin  Manufacturing  Company  was  the 

pioneer     in     placing    on     the    market     a 

wrought-metal    mortise-iock.     The    manu- 

^''' ^^^' }il%^^'  ''""*     facturers  claim  for  it  a  large  sale. 

In  the  "No.  1500"  *  mortise  knob- 
lock  (Fig.  635),  the  front,  bolts,  strike  and  ^o-inch  hub  are  of 
bronze.    The  fronts  can  be  furnished  cast  flat,  beveled  or  rabbeted. 


actured  by  tl 


ianufacturinB  Company,  New  Vork  City. 
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The  back-sets  are  regular  but  can  be  furnished  special  up  to  6 
inches.  The  latch-bolt  is  either  the  easy-spring,  ant i- friction  or 
gun-spring  hub-type.  The  flat  front  is  suitable  for  use  on  doors 
of  either  hand,  and  can  be  furnished  with  a  dust-proof  strike  at 
additional  cost ;  if  the  beveled  or  rabbeted  fronts  are  wanted  the 
hand  of  the  door  must  be  specified.  The  case  is  of  japanned  iron. 
381.  GRADES  OF  LOCKS.  The  value  of  a  lock  depends 
much  upon  the  way  in  which  the  parts  are  planned,  and  as  no  two 
manufacturers  Hse  exactly  the  same  arrangement,  it  is  difficult  to 
compare  locks  of  different  makes  without  considering  them  in 
detail.  Nearly  every  manufacturer,  however,  makes  different 
grades  *  of  locks,  which  may  in  general  be  described  as  follows : 

First  and  cheapest  grade:  iron  face  and  bolts,  steel  springs  and  a  cast- 
iron  or  steel  lever;  iron  or  steel  key. 

Second:  locks  with  brass  or  bronze  face  and  bolts,  all  the  rest  of  iron, 
one  lever;  nickel-plated  steel  key. 

Third:  locks  with  bronze-metal  front  and  strike,  bronze-metal  bolts, 
wrought-steel  inside  works  and  nickel-plated  forged-steel  key;  this  is  prob- 
ably the  best  grade  of  the  one-tumbler  locks. 

Fourth:  same  as  the  third,  with  two,  three  or  four  levers;  usually  each 
grade  is  made  in  3J/I  and  4-inch  sizes  for  inside  knob-locks. 

As  a  rule,  a  4j4-inch  lock  of  the  fourth  grade  with  three  levers 
is  as  good  a  lock  as  is  needed  for  the  inside  doors  of  dwellings. 
Of  course,  even  in  this  grade  there  are  differences  between  the 
locks  of  one  manufacturer  and  those  of  another,  and  also  between 
a  cast  lock  and  a  high-grade  machine-made  lock,  the  cast  lock  being 
considered  the  better.  A  lock  that  is  made  with  fifty  "changes" 
in  the  gatings  is  also  to  be  preferred  to  one  with  only  twelve  or 
twenty-four  changes,  as  there  is  less  chance  of  any  two  keys  in 
the  building  being  alike^ 

For  heavy  doors,  especially  in  office-buildings,  an  antifriction 
latch  may  be  specified,  although  this  latch  does  not  appear  to  be  as 
much  used  as  formerly.  When  greater  security  than  that  afforded 
by  a  three-lever  lock  is  desired,  a  "cylinder-lock"  should  be  speci- 
fied. Every  large  manufacturer  has  different  grades  of  locks, 
varying  in  quality  and  price,  in  these  four  divisions. 

382.  VARIETIES  OF  LATCHES  AND  TUMBLER- 
LOCKS.  Tumbler-locks  are  made  in  a  number  of  different  styles 
or  patterns  to  suit  different  purposes.  These  are  classified  as 
follows : 

•  "Grade"  is  taken  by  the  trade  and  manufacturers  to  mean  difference  in  quality  and 
strength  of  workmanship  as  well  as  quality  and  strength  of  materials  and  size  of  lock. 
The  workmanship  and  quality  of  material  for  the  same  type  vary  with  different  manu- 
facturers. 
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Knob-latches,  knob-bolts,  dead-locks  or  dead-bolts,  store-door  locks,  knob- 
locks  and  latches,  three-bolt  chamber-door  locks,  communicating-door 
knob-latches  with  thumb-bolt,  communicating-door  knob-locks,  front-door 
and  vestibule-locks,  master-keyed  locks,  hotel-locks  and  sliding-door  locks. 

Dead-locks  and  knob-locks  are  made  both  rim  and  mortise;  rim  knob- 
locks  are  made  also  with  thumb-bolts,  but  the  other  varieties  are  usually 
found  only  in  mortise-locks. 

Front-door,  store-door  and  the  common  mortise  knob-lock  and  latch  may 
be  obtained  with  either  plain  or  rabbeted  fronts;  but  the  other  patterns  are 
made  only  with  plain  fronts,  except  that  sliding-door  locks  are  made  with 
astragal- fronts.  Front  and  store-door  locks  should  have  the  front  beveled 
to  fit  the  edge  of  the  door.  A  rabbeted  lock  is  made  in  the  same  manner 
as  a  plain-front  lock,  except  that  the  front  is  rebated,  as  in  Fig.  644,  to  fit 
the  rebated  edge  'of  the  door.  Rebated  locks  are  used  only  on  double  doors, 
and  are  necessarily  made  in  right  and  left  hands. 

383.  KNOB-LATCHES,  KNOB-BOLTS  AND  DEAD- 
LOCKS. The  following  is  a  convenient  classification  for  these 
hardware  fixtures: 

1.  The  Knob-Latch  (Fig.  636).  This  contains  only  the  latch-bolt  and 
its  accompanying  mechanism,  operated  by  knobs  and  a  spindle,  and  is  used 
only  where  a  lock  is  not  desired,  as  on  closet-doors. 

2.  The  Knob-Bolt,  This  form  (Fig.  637),  contains  a  simple  dead-bolt 
operated  by  a  thumb-knob  from  the  inside  of  the  door.  It  is  frequently 
used  on  outside  doors  and  chamber-doors  for  additional  security,  as  it  can- 
not be  picked  from  the  outside.  It  often  takes  the  place  of  the  common 
surface-bolt  on  account  of  its  neater  appearance. 

3.  The  Dead-Lock  (Fig.  638).  This  is  a  simple  lock  without  a  latch, 
and  is  operated  from  either  side  of  the  door  by  a  key.  It  is  used  principally 
on  store-doors,  double-action  doors,  and  where  an  additional  lock  is  desired. 
For  store-doors  a  lock  with  a  wide  bolt  and  at  least  three  tumblers  should 
be  used. 

384.  STORE-DOOR  LOCKS  (Fig.  639).  The  regular  store- 
door  lock  consists  of  a  case  containing  a  strong  dead-bolt  operated 
from  either  side  of  the  door  by  a  key,  and  also  a  latch  operated  in- 
dependently from  either  side  by  a  thumb-latch.  By  the  thumb- 
latch  and  handle  heavy  doors  can  be  more  easily  swung  than  by 
knobs,  and  as,  usually,  the  door  is  locked  at  night  only,  a  spring- 
bolt  is  not  necessary.  Store-door  locks  of  the  better  grade  are 
fitted  usually  with  "cylinder-escutcheons."  The  locks  are  made 
in  several  sizes,  and  may  be  had  with  stop-work  which,  when  set, 
"dogs"  the  outer  thumb-latch  so  that  no  one  can  enter  without  a 
key,  while  those  inside  may  leave  freely.  A  store-door  lock  with 
stops  is  practically  a  front-door  lock  operated  by  a  thumb-latch 
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instead  of  knobs;  it  is  often  used  on  outside  doors  for  churches, 
and  for  residences  also.    This  same  type  of  lock  made  with  a  hub 


Fig.  636.     Knob-Latch.  Fig.  637.     Knob-Bolt         Fig.  638.     Dead  Lock. 


5T0F 


Fig.  639.     Store-Door  Lock. 


Fig.  640.     Knob  -  Latch  Fig.  641.     Knob-Lode 
with  Thumb-Bolt.  and  Latch. 


Fiar.  642.     Three-Bolt 
Chamber-Door  Lock. 


Fig.  643.      Up 
right  Lock. 


Fig.  644.       Rebated 
Front  Lock. 


and  operated  from  the  inside  by  a  knob,  is  frequently  used  on  the 
front  doors  of  residences.    The  lock  shown  in  Fig.  639  is  used 
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with  sectional  door-handles.    This  type  is  used  also  on  stores  and 
school-houses. 

385.  THE  KNOB-LOCK  AND  LATCH.  (Figs.  640  and 
641.)  This  is  the  common  form  of  lock  and  latch  generally  used 
on  inside  doors;  the  mechanism  is  described  in  Arts.  369  to  379. 
Aside  from  the  quality  and  mechanism,  the  variations  in  this  lock 
consist  principally  in  the  size  of  the  case  and  in  the  "back-set." 
In  the  common  sizes  the  case  varies  in  height  from  y/2  to  5j4 
inches;  in  width,  from  2]^  to  55^  inches;  and  in  thickness  from 
J4  to  ^  of  an  inch.  The  large  sizes  should  be  specified  for  heavy 
doors. 

The  "back-set"  is  the  distance  from  the  edge  of  the  door  to  the 
center  of  the  hub.  This  distance  varies  in  different  makes  of  locks, 
and  each  manufacturer  makes  locks  with  different  back-sets  to 
suit  different  conditions;  the  distance  is  given  always  with  the  de- 
scription of  the  lock.  The  more  common  back-set  is  2j4  inches, 
although  on  3j^-inch  locks  it  is  often  but  2^  or  2J/2  inches.  For 
doors  with  a  narrow  stile  an  upright  lock  (Fig.  643),  with  a  back- 
set of  but  1%  inches  or  even  i  inch,  may  be  had.  When  the  back-set 
is  less  than  1%  inches,  however,  a  lever-handle  should  be  used.  If 
the  stile  of  the  door  is  very  wide,  a  lock  with  a  back-set  of  3  inches 
may  be  had ;  this  will  give  greater  clearance  between  the  hand  and 
the  door-jamb.  When'  designing  an  ornamental  door,  the  back-set 
of  the  lock  and  also  the  size  of  the  knob  and  escutcheon  should  be 
considered,  in  order  that  they  may  come  well  on  the  door  and  not 
be  too  wide  for  the  stile  or  interfere  with  any  moldings. 

386.  THE  THREE-BOLT  CHAMBER-DOOR  LOCK.  This 
lock,  Fig.  642,  is  an  ordinary  knob-lock  and  latch  with  an  addi- 
tional bolt  below  the  key-bolt ;  the  additional  bolt  is  operated  from 
the  inside  by  a  thumb-knob.  This  is  a  very  desir- 
able lock  for  the  chamber-doors  of  private  resi- 
dences. 

387.  COMMUNICATING-DOOR     LOCKS. 
For  "communicating  doors,"  that  is,  doors  between 
two  chambers  or  offices,  two  types  of  locks  are 
used.     The  simplest,  and  cheapest,   is   the  com- 
municating-door knob-latch  (Fig.  645),  which  has 
a  latch-bolt  and  two  dead-bolts.     These  bolts  are 
operated  by  thumb-knobs,  one  on  each  side  of  the     x^.    ^       ^ 
door,  SO  that  the  door  may  be  perfectly  secured     cating-Door  Latch, 
from  either  side.     This  lock  may  also  be  used  for 
water-closet  doors  between  rooms.     The  other  type  is  the  communi- 
cating-door lock  (Fig.  646),  which  is  a  knob-lock  and  latch  with  the 
addition  of  two  dead-bolts  operated  one  from  each  side  of  the  door. 
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Fig.  646.     Communi- 
cating Door  Lock. 


The  advantage  of  this  lock  over  the  latch  is  that  the  door  may  be 
locked  with  a  key,  so  that  occupants  of  the  two  rooms  cannot  com- 
municate with  each  other  without  picking  the  lock.  It  is  particu- 
larly adapted  to  communicating  doors  of  hotels 
and  lodging-houses.  Several  other  forms  of 
this  lock  are  made,  one  with  an  emergency-key 
for  use  in  opening  the  door  if  necessary;  and 
another  which  is  especially  adapted  for  use  on 
the  interior  doors  of  colonial  residences. 

All  standard  manufacturers  make  a  mortise 
knob-lock  with  two  key-bolts,  operated  from 
disconnected  Icey-holes,  so  that  when  locked  from 
one  side  it  cannot  be  unlocked  from  the  other. 
This  lock  differs  only  from  the  one  shown  in 
Fig.  645  in  that  the  bolts  are  operated  by  a  key 
instead  of  a  thumb-piece ;  an  advantage,  in  some 
cases 

388.  FRONT  AND  VESTIBULE-DOOR 
LOCKS.  The  usual  tumbler-lock  for  front  doors  differs  from  the 
ordinary  lock  and  latch  in  that  it  has  a  swivel-spindle  and  a  stop- 
mechanism.  The  swivel-spindle  allows  the  knobs  to  turn  independ- 
ently of  each  other,  and  by  means  of  the  stop-mechanism  the  outer 
knob  may  be  set,  so  that  the  latch  can  be  operated  from  the  outside 
by  a  key  only,  while  on  the  inside  it  can  readily  be  drawn  by  the  knob. 
The  dead-bolt  is  operated  by  a  key  from  either  side  as  is  the  case 
with  inside  locks.  There  are  thus  two  key-holes  on  the  outside 
and  one  on  the  inside  of  the  door.  Usually  the  latch  and  bolt-keys 
are  different.  The  Yale  "Standard"  *  front-door  lock  is  made  so 
that  both  the  latch  and  the  bolt  may  be  operated  by  a  single  key. 
This  type  of  lock  is  also  now  made  with  one  key-hole  through 
which  a  single  key  operates  both  bolts;  one  turn  works  the  dead- 
bolt  and  a  second  the  latch-bolt.  All  front-door  locks  are  fitted 
with  split-hub  spindles.  For  front  doors  also  a  double-throw  lock, 
is  made,  in  which  the  double-throw  is  accomplished  by  a  second 
turn  of  the  key.  A  store-door  type  of  lock,  known  in  the  manu- 
facturers' catalogues  as  "No.  428,"  *  is  much  used  on  the  front 
doors  of  residences.  It  is  operated  by  a  thumb-piece  and»  handle 
from  the  outside  and  by  a  knob  from  the  inside. 

Vestibule-doors  of  residences  should  be  fitted  with  a  "vestibule- 
latch"  made  to  match  the  front-door  lock  and  operated,  when  the 
outer  knob  is  set,  by  the  same  latch-key;  the  latch  is  similar  to 
the  front-door  lock  except  that  the  dead-bolt  is  omitted. 

At  the  present  time  the  front  and  vestibule-doors  of  nearly  all 

*  Manufactured  by  the  Yale  &  Towne  Manufacturing  Company,  New  York  City. 
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first-class  residences  are  trimmed  with  "cylinder-escutcheon"  locks. 
In  these  locks  the  latch  and  dead-bolt  of  the  front  door  and  the 
latch  of  the  vestibule-door  are  operated  by  one  small  key. 

Fig.  647  shows  the 
general       appearance 
of    the    "Yale    Para- 
centric" •     front-door 
lock    and    its    corre- 
sponding      vestibule- 
latch  ;     the    "Yale"  • 
lever        tumbler-lock 
differs  from  this  only 
in   the   locking-mech- 
anism.     This   is   the 
general     or     "Yale"- 
type  of  cylinder  front- 
door  lock  and  vesti- 
bule-latch    made     by 
all  the  standard  man- 
ufacturers.  The  locks 
of  this  type  made  by 
Sargent   &    Company 
have  a  protected  and  adjustable  beveled  front  which  is  readily  ad- 
•  justed  to  fit  any  bevel  for  either  right  or  left-hand  doors.     This  type 
of  lock  is  used  for  double  front  doo^?, 
inside  doors  of  offices  and  public  build- 
ings, school -houses,  etc.     The  type  used 
for  school-houses  is  called  "safety,"  as 
it  can  always  be  operated  from  the  in- 
side without  the  use  of  a  key. 

389.  UNIT  LOCKS  AND  UNION- 
LOCKS.  As  now  made  by  the  several 
manufacturers,  these  locks  are  a  com- 
bination of  lock,  knobs  and  escutcheons 
assembled  together  and  comprising  the 
complete  equipment,  ready  for  apply- 
ing, for  both  sides  of  a  door.  Very  lit- 
tle cutting  is  required  in  placing  the 
lock-set  upon  the  door.  These  sets  are 
adjustable  for  doors  from  1%  to  2^ 
inches  thick.  In  most  cases  the  key-hole  is  in  the  knob. 
Fig.  648  shows  the  construction,  style,  and  method  of  application 


Fig.  647.     VbIi 


Fig.  648.     Unit-Lock  Scl. 


i  by  tl 


Yale  &  Towue  ManuraclurinE  Company,  New  Vor 


City. 
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Fig.  649.     Sliding- Door      Fig.  650.     Sliding-Door 
Lock.  Pull. 


of  a  lock  of  this  kind.  P.  &  F.  Corbin  were  the  first  manufacturers 
to  place  a  lock  of  this  type  upon  the  market.  The  Yale  &  Towne 
Manufacturing  Company,  and  the  Russell  &  Erwin  Manufacturing 

Company,  make  locks  of  this 
type  under  permit  from  the 
patentees,  P.  &  F.  Corbin. 
The  "Sargent"  union-lock  is 
for  the  same  purpose,  a;id  is 
somewhat  similar  in  its  ac- 
tion to  the  unit  lock. 

390.       SLIDING-DOOR 

LOCKS  AND  PULLS.  The 

common    form    of    sliding- 

door  lock  shown  in  Fig.  649 

has  a  curved  bolt  which  is 

operated  from  either  side  by 

a    key.     The    flush    pull    is 

pushed  into  the  case  when 

the  door  is  closed,  or  it  may 

be  pushed  in  by  hand ;  it  is  thrown  out  by  pushing  in  the  button  B. 

The  locking-mechanism  is  usually  quite  simple,  as  great  security  is 

not  required  for  sliding  doors  of  residences. 

All  manufacturers  make  a  form  of  sliding-door  lock  and  also 
a  sliding-door  night-latch  that  offers  as  much  security  as  any  lock 
and  may  be  master-keyed  with  other  locks.  They  also  make  locks, 
with  bolts  operated  by  thumb-pieces,  for  communicating  sliding 
doors.  Sliding-door  locks  for  double  doors  are  made  with  either 
straight  or  astragal-fronts. 

Locks  for  sliding  doors  are  also  made  with  an  easy-spring  latch- 
bolt  operated  by  knobs  and  locked  by  a  key.  Knobs,  however, 
cannot  ordinarily  be  used  on  sliding  doors,  as  they  would  strike 
against  the  door-casings.  The  ordinary  trim  for  sliding  doors  is  the 
"cup-escutcheon,"  using  an  extension  or  jointed  key  that  will  not 
project  beyond  the  face  of  the  door.  If  a  lock-bolt  is  not  deemed 
necessary,  a  simple  "flush  pull"  (Fig.  650)  with  blank  escutcheon- 
plates  may  be  used. 

Special  elevator  sliding-door  locks  are  used  in  loft-buildings  and, 
of  course,  give  greater  security  than  the  ordinary  sliding-door  lock 
made  for  residence-use. 

391.  MASTER-KEYED  LOCKS.  In  office-buildings,  hotels 
and  lodging-houses,  it  is  desirable  that  the  person  in  charge  shall 
be  able  to  enter  any  room,  when  not  occupied,  by  means  of  a  single 
key  that  will  operate  all  of  the  locks,  while  the  regular  keys  shall 
not  be  interchangeable.     Locks  made  on  this  principle  are  termed 
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"master-keyed  locks."  The  master-key  operates  all  of  the  locks  in 
the  set,  while  the  "change-key"  will  operate  only  the  lock  for 
which  it  is  made. 

All  of  the  better  grades  of  mortise  knob  tumbler-locks  and  most 
cylinder-escutcheon  locks  can  be  had  master-keyed  at  a  slight  ad- 
vance in  price.  The  method  adopted  for  master-keying  differs 
with  different  makes  and  grades  of  locks.  In  the  cheaper  grades 
master-keying  is  accomplished  by  merely  introducing  different 
wards  or  obstructions,  either  in  the  key-hole  or  in  the  path  of  the 
key,  and  making  a  skeleton  key  that  will  pass  these  obstructions. 
Such  locks  offer  little  security.  Another  method  is  to  have  differ- 
ent keyrholes  for  the  master-key  and  the  change-key. 

The  best  grades  of  tumbler-locks  are  master-keyed  by  means  of 
auxiliary  tumblers,  which,  when  raised  to  the  proper  height  by  the 
master-key,  also  set  the  remainder  of  the  tumblers  and  enable  the 
bolt  to  be  shot ;  while  the  change-key  does  not  act  on  these  auxiliary 
levers  and  must  be  bitted  for  each  lock  to  correspond  with  the 
combination  of  levers,  and  hence  will  not  interchange.  Each  lock, 
therefore,  has  all  the  security  of  an  ordinary  three-lever  lock. 
Such  locks,  however,  require  careful  adjustment  and  excellent 
workmanship,  and  are,  therefore,  somewhat  expensive.  Master- 
keyed  tumbler-locks  are  made  in  sets  of  from  fifty  to  three  hun- 
dred, and  by  using  different  sets  with  different  master-keys,  as 
many  as  four  thousand  changes  may  be  had. 

Cylinder-escutcheons  also  may  be  master-keyed  in  sets,  with  a 
grand-master-key  and  an  emergency-key. 

Two  of  the  systems  of  master-keying  most  used  are  the  Yale 
"duplex*'  and  Yale  "bicentric"  master-key  systems,  which  consist 
in  every  instance  of  two  "Yale"  cylinders  acting  upon  one  and  the 
same  bolt.  This  gives  two  key-holes  to  each  lock;  the  lower  ones 
for  the  master-key  are  set  to  the  same  combination  throughout 
the  suite  while  the  upper  ones  are  all  different.  By  this  system 
all  of  the  security  of  the  "Yale"  cylinder  is  retained,  in  fact  the 
security  is  doubled,  and  the  wear  is  cut  in  half.  A  single  master- 
key  can  be  made  to  pass  a  series  of  locks  of  an  almost  indefinite 
number  of  changes. 

In  the  P.  &  F.  Corbin  system  of  master-keying,  when  the 
service  or  change-key  is  inserted  and  turned,  the  key-plug  alone 
rotates,  but  when  the  master-key  is  inserted  the  plug  and  master- 
ring  are  locked  together  and  both  rotate,  operating  the  cylinder. 
This  gives  all  the  security  and  independent  action  of  two  sep- 
arate cylinders  but  necessitates  the  use  of  only  one,  with  a 
single  key-way.  This  is  claimed  as  a  distinctive  feature  by  the 
manufacturers.     The   regular   cylinder   is   similar  except   for  the 


598  BUILDING-CONSTRUCTION.  (Ch.  VI) 

omission  of  the  master-ring.  Either  five  or  six  pins  are  employed. 
The  balls  at  the  bottom  of  the  pin-pockets  are  also  a  feature  of 
this  system  and  add  to  the  ease  with  which  the  key  may  be  inserted 
or  withdrawn.  The  shape  of  the  key-way  prevents  the  insertion 
of  flat  picking  tools. 

Sargent  &  Company  has  a  good  system  which  uses  but  one 
cylinder.  The  cylinder  has  the  usual  key-plug  with  a  surrounding 
sleeve,  which,  when  operated  by  the  master-key,  makes,  with  the 
regular  plug,  an  enlarged  plug  acting  upon  another  set  of  pins. 
This  is  called  the  "duplex"  system.  They  also  have  the  "apart- 
ment-house" and  "block-safety"  systems.  In  the  "apartment- 
house"  system  one  or  more  locks,  at  the  entrance  for  instance,  can 
be  operated  by  the  keys  of  all  the  corridor-locks  in  the  building. 
The  "block-safety"  system  consists  of  many  sets  of  cylinders. 
Each  set  has  key-ways  all  alike  but  differing  in  cross-section  from 
the  key-ways  of  every  other  set,  and  is  so  constructed  that  the 
regular  key,  master-key,  or  grand-master-key  of  one  set  will  not 
enter  the  key-way  of  any  of  the  other  sets.  The  cylinders  of  each 
set  may  be  master-keyed  and  grand-master-keyed  as  usual.  If 
desired,  such  block-safety  sets,  having  two  or  more  of  these  special 
cross-section  key-ways,  can  be  arranged  with  a  grand-master-key 
that  will  pass  all,  or  they  may  be  grand-master-keyed  in  sets  by 
themselves  and  a  great-grand-master-key  furnished  to  pass  all  of 
the  sets.  This  system  is  especially  adapted  for  large  buildings 
where  the  locks  are  all  set  up  by  floors,  wards,  etc.,  and  where  the 
keys  of  one  group  must  not  enter  the  key-ways  of  any  other  group. 

392.  MASTER-KEYED  LOCKS  FOR  ASYLUMS  AND 
UNIVERSITIES,  i.  For  Asylums,  These  locks  are  con- 
structed for  use  in  hospitals  for  the  insane.  They  have  three  bolts, 
two  dead-bolts  and  a  latch-bolt.  Each  dead-bolt  is  operated  by  a 
separate  key  which  is  in  the  control  of  a  day  and  a  night-watch- 
man. These  locks  are  master-keyed  by  floors  and  the  entire  build- 
ing is  grand-master-keyed.  There  is  provided  also  a  lock-out-key, 
which,  when  operated,  will  lock  against  all  keys.  The  lock  is  still 
further  provided  with  a  great-grand-master-key,  whose  function  is 
to  operate  the  lock  at  any  and  all  times,  even  though  it  has  been 
locked  with  the  lock-out-key. 

2.  For  Universities.  This  is  a  cylinder-lock,  for  use  on  bath- 
room doors,  in  case  rooms  are  arranged  in  pairs  with  connecting 
bath.  The  lock  is  operated  by  a  change-key,  a  master-key,  a  grand- 
master-key, an  emergency-key  and  shut-out-key.  It  is  also  operated 
on  the  bath-room  side  by  a  thumb-piece.  When  locked  on  the 
bath-room  side  it  is  possible  for  the  student  to  obtain  admission 
by  use  of  his  key  from  the  room-side.     He  can  also,  when  retiring 
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at  night,  so  operate  this  lock  that  it  will  lock  the  bath-room  door 
against  the  student  on  the  opposite  side.  The  master-key  performs 
the  usual  functions,  the  lock-out-key  locking  against  all  keys  and 
being  used  for  the  purpose  of  locking  up  the  bath-room  on  one  or 
both  sides,  should  one  or  neither  of  the  students  desire  the  use  of 
the  bath. 

393.  HOTEL  LOCKS.  The  especial  requirements  of  hotel- 
locks  are  that  they  shall  be  master-keyed  and  so  arranged  that 
while  they  may  be  secured  from  the  inside,  the  occupant  cannot 
possibly  be  locked  in.  The  best  hotel  tumbler-locks  have  three 
bolts,  a  latch-bolt  operated  from  either  side  by  knobs,  a  key-bolt 
operated  from  the  outside  only  by  both  the  "change"  or  room-key 
and  the  master-key,  and  a  dead-bolt  operated  from  the  inside  by  a 
thumb-piece.  The  dead-bolt  cannot  possibly  be  operated  from 
without,  and  when  the  door  is  locked  from  within  a  curtain  is 
thrown  over  the  outer  key-hole  so  that  the  key  cannot  be  inserted. 

Some  hotel-locks  are  provided  with  an  "emergency"-key  which 
operates  all  locks  on  all  room-doors  in  the  hotel  from  the  outside, 
even  when  locked  from  the  inside  with  the  "guest-key"  in  the  lock. 
This  key  is  designed  exclusively  for  the  use*  of  the  owner  or  man- 
ager and  is  kept  in  a  secure  place,  accessible  only  to  him;  it  is 
intended  for  use  only  in  case  of  great  necessity,  such  as  fire,  sick- 
ness, etc.  This  key  can  also  be  used  to  lock  the  door  so  that  it 
cannot  be  opened  by  either  the  guest,  master  or  grand-master-keys. 

For  the  cheaper  class  of  hotels  a  common  three-bolt  chamber- 
lock,  master-keyed,  or  a  common  knob-lock  and  latch,  master-keyed 
and  locked  from  the  inside  by  the  change-key  only,  is  commonly 
used. 

To  attempt  to  describe  all  the  hotel-locks,  their  operations  and 
special  functions,  would  occupy  more  space  than  can  be  given 
them.  Some  locks  not  generally  described  as  hotel-locks  are  used 
for  that  purpose,  and  also  many  cylinder-locks  with  special  func- 
tions, for  room-doors. 

394.  CYLINDER  LOCKS.  This  term  is  now  quite  generally 
used  to  designate  those  locks  in  which  the  bolt  or  latch,  or  both, 
are  operated  by  means  of  a  cylinder-escutcheon  which  is  really  sep- 
arate from  the  lock  proper.  The  first  cylinder-lock  or  escutcheon 
was  invented  by  Linus  Yale  about  the  year  i860,  and  for  a  number 
of  years  the  "Yale"  lock  was  the  only  cylinder-lock  on  the  market. 
The  great  success  of  this  lock  has  led  to  the  adoption  of  somewhat 
similar  cylinders  by  other  lock-manufacturers,  and  as  a  result 
there  are  now  four  or  five  cylinder-locks  in  common  use. 

The  original  "Yale"  lock  had  a  small  flat  key  and  a  small  nar- 
row slit  for  the  key-hole.     About  the  year  1880  a  corrugated  key 
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and  key-hole  was  introduced,  which  further  increased  the  security 
of  the  lock  and  the  possible  number  of  changes.  This  has  in  turn 
been  superseded  by  the  "Yale"  paracentric  escutcheon,  which  rep- 
resents the  highest  development  in 
key-locks.  The  construction  and 
operation  of  this  escutcheon,  and 
also  the  general  principle  of 
cylinder-escutcheons,  are  shown  in 
the  illustrations,  Figs.  651  and 
652. 

It  will  be  seen  by  reference  to 
the  figures  that  there  are  two  bar- 
rels or  cylinders,  one  rotating 
within  the  other,  but  eccentric  with 
it.  The  lower  cylinder  is  held 
froin  rotating  by  five  sets  of  round 

Fig.  651.     V»le  Parscenlric  EKutcheon.        piHS,        each        set        Consisting        of 

two  pieces  as  shown  in  the  section. 
When  the  key  is  drawn  the  pins  are  forced  down  into  the  lower 
cylinder  so  that  it  cannot  be  turned,  but  when  the  proper  key  is 
inserted  in  the  lock  all  the  pins  are  raised  so  that  the  joint  in  each 


Fif.  65a.     Section  of  Yale  Paracenlric  Eicutcfafon. 

set  will  just  come  on  a  line  with  the  top  of  the  lower  cylinder,  and 
the  cylinder  can  then  be  rotated.  A  cam  on  the  back  of  the  ro- 
tating cylinder  works  the  bolt  in  the  lock. 

It  is  evident  that  as  the  inner  cylinder  is  exactly  fitted  to  the  bore 
in  the  shell,  an  almost  imperceptible  variation  in  the  height  to  which 
any  one  of  the  pins  is  raised  will  prevent  the  plug  from  turning; 
whence  it  follows  that  an  immense  number  of  locks  can  be  made 
with  such  mechanism  without  duplication. 

This  arrangement  of  cylinders  and  pins  is  identical  with  that  of 
the  original  "Yale"  lock,  the  later  improvements  being  in  the  shape 
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of  the  key  and  key-hole.  In  the  original  "Yale"  lock  the  key-hole 
was  a  narrow  vertical  slot,  and  it  was  possible  for  an  expert  lock- 
picker  to,  open  the  lock  by  tilting  a  key  or  pieces  of  wire  up  and 
down  in  the  key-hole  until  the  pins  were  brought  to  the  proper  po- 
sition for  opening.  To  prevent  this  the  corrugated  key  and  key- 
hole was  devised,  and  the  new  paracentric  escutcheon  is  so 
constructed  that  it  is  impossible  to  insert  any  but  the  proper  key 
in  the  key-hole  or  to  use  any  picking-instrument  to  operate  the 
tumblers  vertically,  for  the  shape  of  the  key-hole  shown  on  the  face, 
Fig.  651,  is  continuous  throughout  the  length  of  the  lock. 

An  incidental  advantage  resulting  from  this  change  in  the  key- 
hole is  that,  as  it  differs  absolutely  from  every  predecessor,  no  key 
heretofore  made  can  enter  one  of  these  locks.  The  paracentric  key 
is  also  a  very  difficult  one  to  make,  and  the  blanks  can  only  be  ob- 
tained from  the  manufacturers,  hence  the  difficulty  in  duplicating 
a  key. 

As  before  stated,  the  standard  manufacturers  all  make  the 
"Yale"  type  of  cylinder-lock  in  its  various  forms.  These  locks 
offer  greater  security  against  picking  or  accidental  interchange  of 
keys  than  tumbler-locks,  and  are  therefore  considered  as  the  best 
lock  for  front  doors,  office  and  store-doors,  drawers,  lockers,  and 
wherever  special  security  is  desired.  A  secondary  advantage  pos- 
sessed by  these  locks  is  the  smallncss  and  convenient  size  of  the  key, 

395.  OFFICE-LOCKS.  It  is  generally  desirable  that  the  outer 
door  of  offices  shall  be  fitted  "with  a  cylinder  escutcheon-lock,  A 
cylinder-latch  with  stop-work  similar  to  the  vestibule-latch  (Fig. 
647)  is  believed  to  be  the  most  con- 
venient lock  for  an  office-door.  A 
door  fitted  with  this  type  of  lock  can 
be  fastened  from  the  outside  by  any 
one  leaving  the  office  without  the 
delay  occasioned  by  the  use  of  a  key. 
To  prevent  any  instrument  from  be- 
ing forced  through  the  wooden  stop 
of  the  door-jamb  to  the  beveled  edge 
of  the  bolt,  thus  forcing  it  back,  the 
"Yale"  and  various  other  types  of 
protected  strikes.  Fig,  653,  have  been 
introduced  and  give  to  the  latch  all 

the   security   of   a    dead-bolt.     This        ''''"■  '"'■    '^"'^  ''""""^  ^"'^'• 
strike  is  applicable  to  all  latch-bolts, 

but  must  be  made  to  order  to  correspond  to  the  exact  thickness  of 
the  door.  All  the  leading  manufacturers  make  a  special  office-door 
latch  with  a  supplemental  bolt  which  automatically  locks  the  main 
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latch  when  the  door  is  closed,  so  that  it  cannot  possibly  be  forced 
back.  In  important  office-buildings  all  of  the  office-doors  are 
master-keyed. 

Another  arrangement  for  office-doors,  preferred  by  some,  con- 
sists in  the  use  of  a  good  three-tumbler  lock  together  with  a  sup- 
plemental cylinder,  rim,  night-latch,  which  may  be  changed  or  have 
a  new  cylinder  inserted  when  there  is  a  change  of  tenant.  The 
advantage  of  this  is  obvious,  as  keys  are  often  furnished  in  dupli- 
cate, are  lost  by  the  tenant,  or  not  returned  when  the  office  is 
vacated,  so  that  some  unknown  person  might  have  access  to  it. 
By  changing  the  lock  such  a  possibility  is  avoided.  If,  however, 
a  single  mortise  cylinder-latch  is  used,  the  same  result  may  be  ob- 
tained by  purchasing  a  new  cylinder;  the  cylinders  of  most  of  the 
manufacturers  are  interchangeable. 

396.  NIGHT-LATCHES.  These  consist  of  a  latch  operated 
from  the  outside  by  a  key,  and  from  the  inside  by  a  thumb-knob  or 
slide,  A  stop  is  provided  always  for  holding  back  the  latch  when 
desired.  They  are  made  both  rim  and  mortise,  but  the  rim-locks 
are  used  generally  for  the  reason  that  they  do  not  weaken  the  door 
and  are  more  easily  applied. 

Night-latches  are  very  extensively  used  on  office-doors,  club- 
house doors  and  the  rear  outside  doors  of  residences.  They  are 
used  in  addition  always  to  an  ordinary  knob-lock  and  latch.  As 
they  are  used  principally  to  give  greater  security,  it  is  hardly  worth 
while  to  put  on  a  tumbler-lock;  hence  nearly  all  the  night-latches 
now  used  have  cylinder-escutcheons.  For  ordinary  purposes  rim 
night-latches  are  finished  in  black  japan  or  plated  finishes,  but 
bronze-metal  cases  are  made  for  rooms  where  an  ornamental  finish 
is  desired.  The  better  grade  of  rim-locks  have  the  striking-plates 
and  front  plate  of  the  lock  extended  so  that  they  may  be  screwed 
to  the  jamb  and  edge  of  the  door ;  thus,  to  force  the  door,  it  would 
be  necessary  to  break  the  woodwork.  Several  manufacturers  have 
a  cylinder,  rim,  night-latch  which  is  made  so  that  no  screws  are  ex- 
posed when  the  door  is  closed ;  the  case  is  attached  to  the  door  by 
an  interlocking  back-plate  screwed  to  the  door  and  by  two  screws 
in  the  edge  of  the  door,  or  by  screwing  the  lock-case  to  the  inside 
of  the  door.  Rim  night-latches  may  be  used  on  either  right  or 
left-hand  doors,  but  if  the  door  opens  outward  a  reverse-bevel  is 
required. 

Several  types  of  night-latches  are  made  as  follows :  a,  with  stop 
to  hold  the  bolt  back;  b,  with  stop  to  hold  the  bolt  back  and  to 
dead-lock  it  out ;  c,  with  double-throw  bolt  giving  greater  security 
because  of  the  long  bolt,  the  second  turn  of  the  knob  or  key  dead- 
locking the  bolt  which  may  also  be  held  back  or  operated  by  a  key 
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from  the  outside ;  d,  with  lever  instead  of  knob  to  pull  the  bolt  back, 
and  stop  to  hold  back  or  dead-lock  the  bolt ;  e,  with  guarded  bolt, 
stop  as  in  b;  in  this  case  when  the  door  is  closed  the  bolt  cannot  be 
forced  back.     Fig.  654  shows  one  type*  of  unit  night-latch. 


Kig.  654.     Rutst]]  &  Erwin  Unil  Night-Latch. 

397.  SPECIALLY  MADE  LOCKS.  Locks  with  special  back- 
sets ;  locks  with  car  or  swing-latch ;  locks  with  special  rabbets,  bev- 
eled or  curved  or  prolected  fronts;  special  strikes ;  electric  door- 
opener  attachments;  lock-sets  trimmed  unlike;  etc.,  are  furnished 
by  the  several  manufacturers,  usually  at  an  additional  cost. 

398.  DOOR-KNOBS,  ROSES  AND  ESCUTCHEONS. 
The  trimmings  commonly  used  with  mortise-locks  consisted,  until 
within  a  comparatively  few  years,  of  a  pair  of  knobs,  roses  and 
escutcheons. 

The  rose  is  a  round  metal  plate  made  to  be  screwed  to  the 
door  and  provided  with  a  socket  to  receive  the  shank  of  the  knob 
and  prevent  its  wearing  out  the  lock ;  it  also  makes  a  finish  over  the 
hole  in  the  door.  The  escutcheon  is  a  small  plate  with  a  key- 
hole, Fig.  656,  used  to  make  a  finish  over  the  key-hole  in  the  door. 
On  outside  doors  they  are  often  provided  with  a  cover  which 
drops  over  the  hole.  Rim-locks  are  often  trimmed  in  the  same 
way  on  the  outside  of  the  door,  but  on  the  inside  no  rose  or 
escutcheon  is  needed.  These  trimmings  are  still  used  to  a  consid- 
erable extent  in  very  cheap  work,  and  also  in  very  good  work  where 
a  special  effect  is  desired.     As  a  general  thing,  however,  the  rose 

*  Minuraclurecl  bj  tfae  Rds»1I  &  Erurin  Manufacturing  Company.  New  Britain,  Conn. 
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and  escutcheon  are  now  combined  in  one  long  plate,  termed  an 
"escutcheon-plate"  or  a  "combined  escutcheon,"  for  the  reason  that 
a  long  plate  with  the  screw-holes  placed  above  and  below  the  lock, 
can  be  more  securely  fastened  to  the  door  than  the  rose  and 
small  escutcheon-trim,  in  which  at  least  one  of  the  screws  in 
the  rose  comes  opposite  the  lock  where  there  is  but  little  wood  to 
receive  it. 

For  ordinary  trimmings  the  long  escutcheon  also  has  the  neater 
appearance  and  the  difference  in  cost  is  very  slight. 

As  the  term  "escutcheon"  is  used  to  designate  both  the  small  key- 
hole and  the  long  plate  .for  both  knob  and  key-hole,  as  well  as  the 
key-mechanism  of  cylinder-locks,  it  is  not  at  all  definite  when  used 
alone;  hence  in  specifying,  either  the  "combined  rose  and  es- 
cutcheon," or  the  particular  catalogue-number  of  the  desired  finish 
should  be  stated.  Many  manufacturers  have  adopted  the  term 
"key-plate"  to  designate  the  old-style  escutcheon,  and  they  make 
several  hundred  ornamental  patterns  with  and  without  covers  for 
the  key-hole,  for  use  with  glass  and  metal  knobs.  The  shape  of  the 
escutcheon  does  not  as  a  rule  affect  the  knobs  and  spindle,  that  is, 
on  plain  goods. 

Key-plates  are  used  in  good  colonial  work  with  both  glass  and 
metal  knobs.  They  cannot  be  used  to  advantage  on  thin  doors 
with  mortise-locks  because  of  the  screws. 

399.  THE  COMMON  KNOB,  SPINDLE  AND  ROSE.  The 
common  knob,  spindle  and  rose  are  shown  in  Fig.  655.  The  knobs 
themselves  are  made  of  various  materials  and  in  different  shapes, 
but  all  are  fitted  to  a  metal  shank  which  receives  the  spindle.  The 
spindle  is  the  square  iron  bar  which  connects  the  knobs  and  trans- 
mits the  knob-motion  to  the  hub  of  the  lock  or  catch.  The  common 
method  of  attaching  the  shank  to  the  spindle  is  by  means  of  a 
screw  (see  Fig.  655)  which  passes  entirely  through  the  spindle. 
There  are  generally  three  screw-holes  in  each  end  of  the  spindle  to 
permit  its  adjustment  to  doors  of  different  thickness.  It  is  usually 
impossible,  however,  to  adjust  the  knob-shanks  perfectly  by  screws 
alone,  and  hence  small  washers  are  depended  upon  for  close  adjust- 
ment between  the  end  of  the  shank  and  the  socket  of  the  rose  or 
escutcheon-plate.  The  difficulty  of  getting  a  perfect  adjustment  of 
the  knobs  so  that  they  will  not  rattle,  and  the  tendency  of  the 
screws  to  work  loose  and  drop  out,  have  led  to  the  invention  of  a 
number  of  devices  for  attaching  the  shank  to  the  spindle  without 
the  use  of  screws  passing  through  the  spindle.  Although  many  of 
these  devices  are  ingenious  and  possess  much  merit,  but  three  or 
four  are  now  used  to  any  extent,  and  the  common  square  spindle 
with  a  screw  is  still  used  extensively.     The  various  manufacturers 
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all  have  several  types  of  patent  spindles.  The  "Triplex"  spindle  * 
consists  of  three  triangular  rods  which,  when  united,  form  a  square 
spindle,  to  one  end  of  which  one  knob  is  permanently  pinned.  The 
other  knob  carries  a  set-screw  which  bears  on  the  spindle,  as  shown 


■- ' 

Fic.  6si.     Knob  witli  Spindle.   Screw  Ftrtly  Coveicd.  Fig.  656.     Kcx-nate*. 
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Tig.  6s7,     Swivel- Spindle. 


Fig.  658.     Yale  Triplex  Spindle. 


Fig.  659.     Spun  Kng 


in  Fig.  658.  The  tightening  of  this  screw  forces  the  spindle  into 
frictional  engagement  with  the  knob-shank  and  holds  the  knob  se- 
curely at  any  point,  thus  affording  perfect  adjustment  without 
resort  to  washers,  and  eliminating  all  looseness  and  rattle  of  the 
knobs.  AH  the  large  manufacturers  make  various  forms  of  screw- 
less  spindles  for  high-grade  work,  for  use  with  their  cast-bronze 
knobs,  and  these  accomplish  practically  the  same  result  as  the 
"Triplex"  spindle,  although  at  slightly  greater  expense.     Another 

■  ManDfactuTcd  by  the  Yale  &  Towne  Manufacluring  Company.  New  York  City. 
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manufacturer*  makes  a  ball-bearing  spindle  to  which  the  knobs  are 
attached  by  the  "screwless"  method.  This  type  gives  perfect  action 
to  the  knobs,  and  eliminates  end-play,  rattling,  binding  and  slow 
action. 

Front  and  vestibule-door  locks,  in  which  the  knobs  turn  inde- 
pendently of  each  other,  are  usually  fitted  with  a  swivel-spindle,  as 
shown  in  Fig.  657.  With  such  locks  the  outer  knob  should  be  fixed 
to  the  spindle  without  screws,  otherwise  the  shank  can  be  removed 
from  the  outside  of  the  door,  the  spindle  pushed  in  and  the  inner 
latch-follow  turned  back. 

400.  SHAPES  AND  SIZES  OF  DOOR-KNOBS.  The  shape 
of  a  door-knob  depends  somewhat  upon  the  material  of  which  it  is 
made  and  whether  it  is  a  wrought  or  cast  knob.  For  mineral  and 
cast-metal  knobs  the  more  common  shapes  are  the  elliptical,  the  egg- 
shape  and  the  shape  similar  to  that  of  a  flattened  sphere,  as  shown  in 
Fig.  658.  Cast-bronze  knobs  are  made  egg-shaped  or  ball-shaped, 
and  Bower-Barffed  iron  knobs  are  also  made  ball-shaped,  which 
usually  adds  a  little  more  to  the  cost.  Wrought-metal  knobs,  bronze 
and  steel,  are  now  made  in  close  imitation  of  the  common  shape  of 
cast-bronze  knobs.  The  ordinary  shape  of  wrought  knobs  is  that 
of  the  "spun**  knob  shown  in  Fig.  659,  but  wrought  knobs  are  also 
made  in  one  piece  with  two  pieces  spun  together  at  the  back  close  to 
the  shank  and  they  can  hardly  be  distinguished  from  the  cast  knob. 

"Spun  knobs,"  are  made  of  two  pieces  of  metal  shrunk  together, 
and  to  the  shank,  as  shown.  Spun  knobs  are  less  expensive  than 
cast  knobs.  The  common  sizes  of  round  knobs,  whether  flattened 
or  spherical,  are  234  inches  for  inside  knobs  and  2j4  inches  for 
outside  knobs. 

401.  MATERIALS  OF  DOOR-KNOBS.  The  cheapest  knobs 
are  made  of  earthenware,  porcelain  and  various  compositions,  and 
are  commonly  known  as  "mineral  knobs"  when  of  mottled  color, 
"jet  knobs"  when  black  and  "porcelain  knobs"  when  white.  All  of 
these  knobs  are  sold  with  iron  or  bronze  shanks  and  roses.  The 
bronze  shank  is  much  the  better,  both  in  appearance  and  durability, 
and  should  always  be  specified  with  these  knobs  for  everything 
but  the  most  inferior  work.  A  good  jet  knob  with  bronze-metal 
shank  and  wrought-bronze-metal  escutcheon-plate  makes  a  neat 
trimming  for  cottages  and  the  inferior  parts  of  larger  houses.  It 
is  easily  kept  clean  and  does  not  change  in  color. 

Wooden  knobs,  finished  in  the  natural  color,  have  been  used  to 
some  extent,  and  may  be  obtained  in  most  large  cities ;  they  are  lit- 

*  The  Russell  &  ^rwil)  Manufacturing  Companyf  New  Britain,  Coon, 
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tie  used  at  present,  however.  Their  shape  is  usually  that  of  a  flat 
disc,  or  flattened  sphere. 

Glass  knobs  were  at  one  time  very  popular.  Their  use,  how- 
ever, became  extremely  limited,  due  to  the  difficulty,  formerly,  of 
applying  them  and  to  the  fact  that  though  they  were  made  hardly 
good  enough  for  the  best  work,  they  were  too  expensive  for  ordi- 
nary rooms.  They  are  now  popular  again  and  extensively  used. 
Pressed  glass  is  used  for  ordinary  work,  and  cut  glass,  more  or  less 
elaborate  in  the  cutting,  for  the  better  class  of  residences.  They 
are  used  mostly  in  the  colonial  type  of  residences.  Round  roses, 
ornamented  on  the  edge  with  beads,  or  plain  roses  and  key-plates 
are  used  with  them.  As  the  roses  used  are  quite  large  a  4j4  inch 
lock  should  be  used  in  order  to  have  room  for  the  key-plate.  These 
knobs  have  large  shanks  and  spindles  of  the  screwless  tjrpe,  ad- 
justable for  various  thicknesses  of  doors,  and  are  furnished  in  a 
large  variety  of  shapes  and  cuttings  by  the  standard  manufacturers. 
They  are  made  of  three  general  types  as  follows:  a  plain  round 
knob  of  flat  form,  a  plain  octagon  form,  a  plain  spherical  or  ball 
form;  and  each  type  is  cut  in  various  ornamental  patterns. 

The  common  materials  for  door-knobs  at  the  present  are  wrought 
steel,  brass,  and  bronze  metal,  either  wrought  or  cast.  The  latter 
material  is  susceptible  of  a  great  variety  of  shapes  and  finishes  and 
of  a  very  high  grade  of  ornamentation.  The  principal  finishes 
used  are  described  in  Arts.  337  to  343.  Where  the  knobs  are  sub- 
ject to  much  wear,  a  plain  round  cast  knob,  natural  finish,  generally 
gives  the  best  satisfaction,  as  it  is  comfortable  to  the  hand  and  is 
easily  kept  bright.  Nearly  all  of  the  plated  finishes  show  the  effects 
of  wear  after  a  time,  although  in  residences  the  ornamental  goods 
may  be  used  for  a  long  time  without  any  perceptible  change. 

Iron  knobs,  finished  by  the  Bower-Barff  or  similar  process,  are 
much  used  for  public  buildings.  There  are  more  wrought-steel 
knobs,  in  various  finishes,  sold  than  any  other  except  the  cheap 
pottery  knob. 

402.  ESCUTCHEON-PLATES.  These  are  now  made  almost 
always  of  steel,  wrought  or  cast  brass  or  bronze,  plain,  and  in  the 
various  ornamental  finishes.  Very  large  quantities  of  steel  escutch- 
eons are  used  for  cheap  work.  They  vary  in  size  from  5J4  by 
i/^  to  7J4  by  2jl4  inches  for  inside  doors,  and  almost  indefinitely 
for  outside  doors.  When  ornamented  they  are  usually  made  in 
sets,  the  knob  matching  the  ornamentation  of  the  escutcheon. 

The  plain  escutcheons  for  3^  or  4-inch  locks  are  usually  inter- 
changeable for  the  same  size  of  locks,  and  may  be  used  with  jet 
or  porcelain  or  any  plain  knob.  It  is  generally  necessary,  however, 
to  use  a  knob  made  by  the  same  manufacturer,  for  different  makes 


6o8 


BUILDING-CONSTRUCTION. 


(Ch.  VI) 


of  locks  and  escutcheons  are  not,  usually,  interchangeable.*  The 
same  escutcheon  will  generally  fit  a  3^4,  4  or  4j4-inch  lock,  though 
differences  may  occur  in  the  distance  between  the  key-hole  and  the 
knob-hole.  Outside  escutcheon-plates  for  tumbler-locks  are  usu- 
ally made  with  covers  for  the  key-holes.  Various  shapes  of  orna- 
mental escutcheons  are  very  largely  used  on  colonial  work,  but 
are  little  used  otherwise. 


Fig.  660.     Details  of  Knob-Attachment. 

Aside  from  the  shape  and  ornamentation,  there  is  an  important 
difference  in  escutcheon-plates  in  the  bearing  which  they  afford  for 
the  knob-shank.  The  common  type  of  escutcheon-plate  has  a  very 
shallow  socket  for  receiving  the  shank  of  the  knob ;  this  brings  the 
bearing  near  the  surface  of  the  door  and  permits  of  a  slight  tilting 
motion,  as  shown  by  the  knobs  at  B,  Fig.  66a*  The  escutcheon- 
plates,  made  by  one  manufacturer*  have  a  long  bracket-bearing, 
as  shown  in  the  section  at  A,  which  supports  the  knob  near  the  end 
of  the  spindle  and  prevents  the  tilting-motion.  This  is  the  type 
used  generally  on  screwless-spindle  knobs.  Fig.  661  f  shows  the 
screwless-shank  type  of  knob-mounting.     The  adjustment  to  the 

•  The  Yale  &  Townc  Manufacturing  Company,  New  York  City. 

t  Patented  and  manufactured  by  the   Russell  &  Erwin   Manufacturing  Company,  New 
Britain,  Conn. 
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door  is  obtained  by  the  adjustable  shank  on  the  inside  knob, 
the  outside  knob  being  fastened  to  the  spindle  v'ith  a  headed  pin 
which  is  held  in  place  and  concealed  by  the  thimble  when  in  use. 


In  the  case  of  exceptionally  thick  doors,  an  added  extension  of 
yi  an  inch  may  be  gained  by  changing  the  position  of  this  pin  in 
the  spindle.  For  doors  of  ordinary  thickness  the  extension  ob- 
tainable by  the  adjustment  of  the  inner  knob 
will  suffice.  The  method  of  fastening  the 
knobs,  when  once  adjustment  is  made,  is  not 
dependent  upon  friction  for  its  successful 
operation.  The  pins  upon  the  inner  sleeve  en- 
gag»  with  slots  in  the  knob-shank,  and  prevent 
any  rotary  motion  upon  the  spindle ;  the  outer 
sleeve  and  shank  are  firmly  screwed  together 
and  it  is  impossible  for  the  knobs  to  work 
loose  or  to  come  apart.  As  the  shanks  are  per- 
fectly fitted  to  long  bracket -bearing  thimbles  of 
the  supporting  type,  the  closest  possible  ad- 
justment can  be  obtained.  Screw! ess- shank 
knobs  are  regularly  spindled  for  doors  from 
Ij4  to  2M  inches  thick. 

403.  HARDWARE  IN  SETS.  Mortise- 
locks  with  their  trimmings  are  now  largely  sold 
in  "sets."  A  set  for  a  knob-lock  consists  of 
one  lock,  a  pair  of  knobs  and  two  escutcheons. 
Corresponding  sets  are  made  for  front  doors, 
sliding  doors,  communicating  doors,  etc.  The 
sets  are  also  made  up  for  different  grades  of 
locks  and  for  different  styles  and  grades  of 
trimmings.  This  arrangement  permits  both  the  hb.  661.  Lsnmc 
lock  and  its  trimmings  to  be  specified  by  one  a^"'Knob. '  ^'"' 

number.     In  selecting  goods  in  sets,  however, 
the  architect  should  carefully  read  the  description  of  the  lock  or  ex- 
amine the  lock  itself,  as  cheap  locks  are  often  put  up  with  very  at- 
tractive trimmings. 
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Fig.  662  shows  the  "Loraine"  escutcheon  plate  and  knob  with  Yale 
lock.  This  is  one  of  the  many  attractive  designs  made  by  the  dif- 
ferent manufacturers. 

404.  ORNAMENTAL  HARDWARE.  Within  the  past  twenty 
years  the  leading  manufacturers  of  builders'  hardware  appear  to 
have  devoted  their  efforts  principally  to  the  production  of  artistic 
designs  for  the  hardware-trimmings  of  doors  and  windows,  with 
the  result  that  trimmings  of  high  artistic  value  of  any  school  of 
ornament  can  now  be  obtained  readily,  in  an  almost  limitless  num- 
ber of  patterns.  In  fact,  the  scope  of  the  designs  published  by  the 
leading  manufacturers  is  so  broad  and  varied  as  to  meet  almost 
every  requirement  of  individual  taste  or  preference,  and  avoid 
the  commonplace  character  resulting  from  a  restricted  line  of  in- 
ferior designs. 

The  more  highly  ornamented  patterns  are  made  of  cast  brass  or 
bronze,  plated  with  gold,  silver  or  copper  or  left  with  a  natural, 
sand-finish.  Many  very  ornamentsj  patterns  are  made  also  in  cast 
iron,  treated  by  the  Bower-Barff  or  a  corresponding  process. 

By  means  of  various  processes,  some  very  attractive  hardware 
is  made  now  of  wrought  metal.  This  line  is  cheaper  than  the  cast 
hardware,  and  lacks  the  delicacy  of  the  latter,  but  may  be  used 
with  good  effect  in  cottages  and  moderate-priced  residences. 
Wrought  designs,  as  now  made,  are  heavier,  better  in  design  and 
are  to  be  obtained  in  greater  variety  than  formerly.  Cast-brass 
or  bronze  hardware  is  better  and  should  be  used,  unless  a  cheaper 
fitting  is  necessary. 

The  various  ornamentations  are  grouped  by  the  manufacturer 
under  an  appropriate  name  or  designated  by  letters.  Each  design 
usually  includes  trimmings  for  the  following:  front-door  knobs, 
inside-door  knobs,  round  or  oval,  escutcheon-plates  for  front  and 
vestibule-doors,  inside  doors,  communicating  doors,  chamber  and 
bath-room  doors  with  thumb-bolt,  cup-escutcheons  for  sliding  doors, 
push-plates,  push-buttons,  door-pulls  and  sash-lifts.  Many  sets 
also  include  store-door  handles  .  and  escutcheons,  lever-handles, 
drawer-pulls,  shutter-knobs,  door-knockers,  letter-box  plates  and 
hinge-plates,  so  that  all  of  the  hardware  throughout  the  building, 
with  the  exception  of  the  butts  and  locks,  may  have  the  same  orna- 
mentation. Door-knockers  are  made  by  several  manufacturers  and 
are  still  in  use,  especially  upon  the  front  doors  of  houses  of 
colonial  design.  Lock-fronts,  butts  and  transom-bars  are  usually 
left  with  a  plain  surface,  finished  to  correspond  with  the  finish  of 
the  trimmings.  To  give  an  adequate  idea  of  the  extent  and  artis- 
tic quality  of  the  product  of  the  different  hardware-manufacturers 
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in  a  work  of  this  character  would  be  impracticable,  even  if  desir- 
able. 

Fig.  663  shows  a  type  of  latch  and  handle  often  used  on  the  doors 
of  stores  and  cottages. 

Fig.  664  shows  an  ornamental  "Cremorne"  bolt.     A  description  of 
this  fitting  will  be  found  in  Art.  432.     (See,  also,  end  of  Art,  407.) 

405.  DOOR-BOLTS  IN  GENERAL.  The  greatest  security 
against  a  door  being  opened 
from  the  outside  is  undoubted- 
ly obtained  by  means  of  bolts 
operated  only  from  the  inside  of 
the  door. 

The  simplest  bolts  are  those 
which  are  made  to  screw  to  the 
inside  of  the  door,  and  of  these 
the  most  common  is  the  barrel- 
bolt  Fig.  665.  The  common 
barrel-bolt,  however,  has  a  plain 
flat  staple-plate,  and  if  a  staple- 
plate  like  that  shown  in  the  il- 
lustration, which  is  obviously 
much  stronger,  is  desired,  a 
"bent  staple-plate"  should  be 
specified.  When  made  of 
wrought  steel,  the  bolt  shown 
in  Fig.  665  is  believed  to  be  the 
strongest  boh  made.  Fig,  666 
shows  a  light  square  bolt,  and 
Fig.  667,  a  "square-case"  bolt, 
which  differs  from  the  square 
bolt  in  having  a  shorter  slide, 
and  a  closed  end  to  the  case. 
Square  bolts  of  these  patterns 
are  not  usually  over  4  inches 
long,  while  barrel-bolts  are 
made  3,  4,  5,  6  and  8  inches 
long.  Small  barrel  and  square- 
case  bolts  may  be  obtained  in 

solid       bronze.       Cast-iron       bolts      Fig.  663.     Latch  and  Han 

are    not   very     reliable;     being 

brittle,  the  bolt  or  case  may  be  cJfinSJ^e 

broken,  BoIl 

Bolts  of  the  above  description,  however,  do  not  have  a  very  neat 
appearance  in  nicely  finished  rooms,  and  hence  in  such  places  mor- 
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Fig.   665.     Barrel-Bolt,   Bent  SUple. 


Fig.   666.     Light  Square   Bolt. 


Fig.  667.     Square- Case  Bolt. 


tised  bolts  are  preferred.  The  neatest  mortise-bolt  is  probably 
the  knob-bolt  shown  in  Fig.  637,  or  an  extra  bolt  in  the  lock,  as  in 
the  three-bolt  chamber-door  lock,  Fig.  642.  When  the  door  is  al- 
ready fitted  with  a  common 
knob-lock,  a  cylinder  mortise- 
bolt,  of  which  the  well-known 
"Gem"  bolt,  Fig.  668,  is  one 
of  the  best  examples,  maybe 
used  to  advantage.  This  bolt 
is  very  simple  in  its  mechan- 
ism, as  shown  by  the  section 
drawing,  and  when  fully 
thrown  the  bolt  cannot  be 
pushed  back. 

406.  CHAIN  DOOR. 
FASTS.  These  are  some- 
times used  on  front  doors 
of  dwellings;  they  permit 
the  door  to  be  opened  a  few 
inches  to  see  who  is  there, 
but  prevent  it  from  being 
opened  further  until  the 
chain  is  removed  from  the  slotted  plate  on  the  face  of  the  door. 

Fig.  669  illustrates  the  typical  chain-bolt,  which  consists  of  a 
slotted  plate  to  go  on  the  face 
of  the  door,  and  a  chain  se- 
cured to  the  door-jamb.  The 
chain  has  a  "dog"  fastened  on 
the  end  of  it  and  is  made  to 
slide  freely  in  the  slot  of  the 
plate.  A  holder  is  provided 
to  which  the  chain  can  be  at- 
tached when  not  in  use. 
There  are  many  varieties  of 
these  fasteners,  all  based  on 
the  same  principle.  They  are 
generally  of  brass  or  bronze, 
finished  to  correspond  to  the 
rest  of  the  trimmings. 

The  "Surelock"  door-fast- 
ener, shown  in  Figs.  670  and 
671,*  can  be  used  either  as  a 
ventilation-device  or  as  a  chain-bolt  or  inside  lock.    This  fastener 
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Fig.  668.     Gem  Bolt. 


*  Manufactured  by  J.  A.  Hoegger,  Jersey  City,  N.  J. 
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takes  the  form  of  a  rigid  metal  arm  set  in  a  flexibly  adjusted  socket 
attached  to  the  jamb  of  the  door  by  means  of  two  screws.  The 
lock-portion  of  the  device,  into  which  the  arm  is  placed  when  the 


locking- device  is  in  operation,  is  fastened  to  the  door  by  two  screws. 
The  operation  of  this  fastener  is  shown  in, the  illustrations.  It  is 
made  of  polished  brass,  or  malleable  iron  in  antique-copper  finish. 


IIoeeger'B     Sur«lock 
let  in  Use  ai  Bolt  or  Lc 


a  Surelock  Door-Fulener, 


407.  BOLTS  FOR  DOUBLE  DOORS.  When  doors  are 
hung  in  pairs,  it  is  necessary  to  secure  one  of  the  doors  to  the  frame 
by  means  of  bolts,  and  the  other  door  is  locked  to  it.  The  common 
method  of  securing  the  "standing  leaf"  is  by  means  of  bolts  placed 
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at  the  top  and  bottom  of  the  door.  Wherever  a  neat  finish  is 
desired,  "flush"  bolts  generally  are  used  which  are  either  let  into 
the  edge  of  the  door  or  into  the  inside  face  of  the  meeting-stile. 
When  the  bolt  is  placed  on  the  edge  of  the  door  it  is,  of  course, 
inaccessible  when  the  other  door  is  closed  and  locked;  hence  the 
doors  cannot  be  opened  without  the  key.  When  placed  on  the  face 
of  the  door,  the  doors  may  be  opened  from  the  inside  by  drawing 
the  bolts  and  pulling  both  doors  open;  usually,  however,  it  is  not 
necessary  to  secure  the  door  from  being  opened  from  within. 

When  placed  on  the  edge  of  the  door,  the  bolt  is  usually  operated 
by  a  flush  thumb-piece,  which  slides  in  a  slot  sunk  in  the  face  of  the 
plate.  Much  trouble  and  vexation  has  been  experienced  with  such 
bolts  from  the  fact  that  the  thumb-piece  is  usually  too  small  to 
afford  adequate  means  of  pushing  or  pulling  them.  This  has  been 
overcome  by  the  lever-device,  shown  in  Fig.  672,  which,  while  still 
flush  with  the  plate,  affords  a  good  hold  for  operating  the  bolt, 
and  by  its  long  lever-arm  enables  the  bolt  to  be  moved  easily  under 
any  circumstances.     It  is  used  generally  by  the  best  manufacturers. 

When  a  flush  bolt  is  used  on  the  face  of  the  door  it  should  have 
either  a  good-sized  knob,  as  in  Figs.  673  and  674,  or  the  lever- 
device,  shown  in  Fig.  672.  The  bolt  shown  in  Fig.  673  *  differs 
from  the  ordinary  flush  bolt  in  having  a  hooked  plate,  which  adds 
to  the  strength  both  of  the  bolt  and  of  the  door. 

Usually  flush  bolts  are  not  made  over  16  inches  long,  and  when 
the  door  is  over  7  feet  high,  it  is  much  better  to  use  an  extension 
flush  bolt,  of  which  one  form  is  shown  in  Fig.  674.  The  extension- 
bolt  differs  from  the  flush  mortise-bolt,  in  that  the  bolt  with  its 
connecting  rod  is  set  in  a  hole  bored  in  the  thickness  of  the  door, 
and  the  plate  in  which  the  knob  or  thumb-piece  slides  is  only  about 
6  inches  long.  The  short  plate  looks  much  better  than  a  very  long 
plate  and  does  not  weaken  the  door  as  much  by  cutting  it  away. 
Extension-bolts  are  made  with  rods  varying  from  12  inches  to  6 
feet  in  length,  and  may  be  used  either  on  the  face  or  edge  of  the 
door.  When  used  on  the  face  of  the  door  they  are  often  provided 
with  T  handles  and  turn-knobs.  The  lengths  of  both  flush  bolts 
and  extension-bolts  are  measured  from  the  center  of  the  slide  or 
lever  to  the  end  of  the  bolt.  As  a  rule  10  or  12-inch  bolts  are 
placed  in  the  bottom  of  the  door,  and  the  thumb-piece  or  knob 
for  the  upper  bolt  should  be  about  5J/2  feet  from  the  floor,  no  mat- 
ter what  the  height  of  the  door  may  be ;  the  difference  in  the  length 
of  the  rod  adds  but  little  to  the  cost.     Nearly  all  forms  of  flush 

*  Manufactured  by  the  Stanley  Works,  New  Britain,  Conn. 
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bolts  are  provided  with  a  spring  which  prevents  the  bolts  from 
dropping  when  shot. 

The  face-plate  of  both  flush  bolts  and  extension-bolts  may  usually 
be  obtained  to  match  the  finish  of  the  knobs  and  escutcheons,  and 


occasionally  the  ornamentation.  The  "Stanley"  bolts  are  all  made 
of  wrought  steel,  planished  or  polished  and  plated;  most  of  the 
other  leading  manufacturers  make  their  best  bolts  with  bronze- 
metal  plates  and  knobs. 

For  store-doors  it  is  customary  to  use  large  square  bolts  .screwed 
to  the  inside  face  of  the  door,  the  upper  or  "chain-bolt"  being  a 
spring-bolt  provided  with  a  chain  to  pull  it  down.  The  lower  or 
"foot-bolt"  is  made  so  that  the  bolt  can  be  pushed  down  with  the 
foot,  while  a  spring  keeps  it  from  dropping  when  raised.  A  bet- 
ter and  more  lai^ely  used  fitting  is  the  surface  top-and-bottom 
bolt  operated  by  a  T  handle  or  lever-handle  at  the  center.     For 
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double-casement  or  French  windows  "Creraome"  bolts  (see,  also, 
Art,  404,  Fig.  664)  and  "espagniglette"  bolts  are  used  in  increasing 
numbers.*    Store-door  bolts  should  be  of  either  wrought  steel  or 


Fig.  67s.     Ftnlc-Exit  Door.Bolt  or   Faslencr.     A.     Double  Entrance. Doon,  Inaidc  View. 
B.     Unit  Locli  and  Fastener.     C.     Outiide  View. 

bronze  metal.  Cast-iron  bolts  are  not  desirable,  for  the  reason 
previously  stated. 

A  special  form  of  flush  bolt,  known  as  a  "flush  Dutch-door 
bolt,"  is  made  for  connecting  the  two  portions  of  a  "Dutch  door," 
(See,  also.  Art.  256.) 

408.  PANIC-EXIT  DOOR-BOLTS  OR  FASTENERS. 
This  device,  shown  in  Fig.  67S.t  is  somewhat  similar  to  the  double- 

I  MinufBctured  by  P.  i  F.  Corbin,  New  BHiain.  Conn. 
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extension  bolt  or  espagniolette  bolt  or  bar,  and  is  designed  for  use 
on  the  doors  of  theatres,  assembly-halls  and  all  other  public  build- 
ings. Several  forms  are  made  by  the  various  manufacturers. 
The  commonest  form  has  a  hinged  bar  across  the  entire  width  of 
each  leaf  of  the  door,  at  about  waist-height,  and  projecting  2  or  3 
inches  from  the  face  of  the  door.  A  light  pressure  upon  the  bar 
acts  upon  a  spring  which  releases  the  upper  and  lower  bolts  and 
the  lock,  and  permits  the  door  or  doors  to  open  outward  easily 
and  without  the  delay  of  unlocking  in  the  regular  way.  Such  bolts 
are  made  for  use  on  single  or  doublt  exit-doors,  single  or  double 
entrance-doors,  and  corridor-doors,  and  all  open  outward.  The 
various  manufacturers  of  these  fittings  make  special  locks,  latches, 
door-sets  and  bolts  for  use  with  them. 

To  lock  the  door,  the  key  is  used  in  the  inside  cylinder,  which 
stops  the  outside  knob  only.  To  enter  it  is  then  necessary  to  use 
a  key  in  the  outside  cylinder.  Each  time  the  door  is  closed  it  is 
locked,  until  the  key  is  used  on  the  inside  to^  unstop  the  outside 
knob.  The  door  is  never  locked  on  the  inside.  Pressure  upon  the 
bar  on  the  left-hand  door  turns  the  bolts  at  top  and  bottom  and 
both  doors  open  at  the  same  time.  Pressure  upon  the  bar  on  the 
right-hand  door  opens  it  by  withdrawing  the  latch-bolt  and  opens 
the  right-hand  door  only,  the  left-hand  door  remaining  closed. 

409.  TRANSOM-FIXTURES.  Transoms  over  doors  or  win- 
dows may  be  hung  either  at  the  top  or  bottom  by  hinges,  or  pivoted 
in  the  center  horizontally.  If  the  transom  is  to  be  hinged  it  is 
generally  best  to  put  the  hinges  at  the  bottom  of  the  sash,  especially 
over  outside  doors  or  windows,  as  better  protection  is  thus  afforded 
against  wind  and  rain,  and  there  is  less  trouble  from  draughts.  It 
is  also  more  trouble  to  gain  entrance  through  a  transom  hung  at 
the  bottom.  There  was  formerly  an  objection  to  hanging  large 
transoms  at  the  bottom,  in  that  if  the  fixture  which  held  the  tran- 
som open,  gave  way,  the  transom  would  swing  down  against  the 
door  and  very  likely  break  the  glass  by  the  fajl.  Large  outside 
transoms,  therefore,  were  center-hung,  or  pivoted,  with  the  bottom 
swinging  out.  This  difficulty  has  now  practically  been  removed 
by  the  use  of  a  device  which,  according  to  the  claim  of  its  manu- 
facturers,* will  absolutely  control  the  transom  and  eliminate  all 
danger  of  its  falling  when  hinged  at  the  bottom.  This  is  the 
"Simplex"  lifter,  shown  in  Fig.  676;  it  is  adapted  to  all  types  of 
transoms.  It  is,  however,  more  difficult  to  screen  a  pivoted  tran- 
som than  one  hinged  at  the  top  or  bottom.  Transoms  over  inside 
doors  are  more  easily  operated  when  pivoted  or  hinged  at  the  top. 

*  The  Payson  Manufacturing  Company,  Chicago,  111. 
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Transoms  are  of  the  utmost  importance  in  securing  pure  air  in 
living-rooms,  sleeping-rooms,  kitchens,  and  all  rooms  where  con- 
trol of  heat  and  ventilation  is  desirable.  Their  importance  in  se- 
curing proper  air  is  emphasized  in  the  large  number  required  in  the 
construction  of  tuberculosis  hospitals ;  and  if  transoms  were  more 
generally  used  in  all  homes  and  living-apartments,  there  would  be 
less  need  for  such  institutions.  The  awkward  control  of  some 
years  past  may  have  been  an  occasion  for  lessening  their  use  in 
certain  types  of  home-buildings  or  living-apartments.  The  use  of 
them  should  be  encouraged  and  when  proper  supervision  of  build- 
ing-construction is  exercised  and  proper  regulation  exists,  such  , 
use  will  be  insisted  upon  by  statute. 
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Fig.  679.     Suh-Cen 


For  hanging  the  transom  at  top  or  bottom,  2  or  2^-inch  narrow 
butts.  Fig.  677,  are  commonly  used.  They  may  also  be  obtained 
with  ball-tips,  as  in  Fig.  678,  but  should  have  a  fast-Joint. 

When  pivoted  at  the  centers  of  the  ends,  sash-centers  such  as , 
are  shown  in  Fig.  679,  make  as  good  a  pivot  as  any  for  transoms 
of  ordinary  size.  Fig,  680  shows  the  application  of  sash  centers 
for  sashes  pivoted  on  the  sides  or  at  top  and  bottom.    The  common 
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spring  window-bolt,  Fig.  681,  also  answers  the  purpose  very  well 
where  an  especially  fine  appearance  is  not  necessary.  There  are 
also  two  or  three  patterns  of  surface  sash-centers.     In  private  resi- 


r^ 


S  Application  of  Sish-Centcri. 


dences  it  is  well  to  pivot  inside  transoms  so  that  they  can  be  readily 
removed  without  using  a  screw-driver. 

Small  pivoted  transoms  require  only  a  catch  at  the  top,  one  with 
a  ring-pull  is  most  convenient,  to  fasten  them  when  closed,  as  no 
special   fixture   is   required   to   control   them   when   open.     Large 


transoms  and  pivoted  transoms  over  outside  doors  should  be  fitted 
either  with  a  "transom-lifter"  or  the  "sash-adjuster,"  shown  in 
Fig.  714,  Art.  434.  One  manufacturer*  makes  a  frictional  pivot 
which  will  hold  the  transom  in  several  positions  with  reasonable  se- 
curity. This  pivot  is  only  suitable  for  use  on  centrally  pivoted 
transoms. 

Transoms  hung  at  the  bottom  are  sometimes  provided  with  a 
"transom-catch,"  which  can  be  operated  by  a  cord  or  pole,  and 
with  chains  attached  to  the  frame  or  sash  which  permit  the  tran- 
som to  open  only  a  certain  distance.     This  arrangement,  however, 

"  Manufwlured  by  the  Yale  &  Towne  ManuracluTini  Company,  New  York  City. 
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is  not  very  satisfactory,  and  it  is  much  better  to  use  a  transom- 
lifter  of  the  "Simplex,"  Fig.  676,  or  "Richmond,"*  Fig.  682,  con- 
cealed types,  or  of  the  type  shown  in  Fig,  683,    There  are  several 


Fig.  SSi.     Deuil    Sb( 

of  Ricbmond  Co  nee 


.wing    / 
iledTn: 


transom-lifts  of  this  general  type,  differing  from  each  other  princi- 
pally in  the  manner  of  locking  or  holding  the  rod  and  in  the 
details  of  their  joints.  They  may  be  used  for  transoms  hung  at  top 
or  bottom  or  pivoted,  and  may  be  placed  at  either  side  of  the  door. 

A  transom-fitting  called  the  "Richmond  concealed  transom-lift," 
shown  in  Fig,  682,  is  entirely  hidden  in  the  frame  of  the  door,  except 
for  the  operating  T  handle,  which  is  placed  upon  the  jamb  of  the 
door  at  a  convenient  height  from  the  floor.     Among  the  better  types 

•  Hanafaclurcd   by   the   McCrum-Howdl   Comrany,   New   York   City, 
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of  transom-lifts  that  the  author  has  seen,  is  the  Yale.  It  has  two 
steel  grip-plates  which  are  forced  against  the  rod  by  strong  spiral 
springs  and  are  released  by  turning  a  neat  thumb-knob.  A  **tran- 
som-support"  and  lock  controlled  by  a  window-hook  is  also  made 
by  the  manufacturers  of  the  "Simplex"  lifter.  Several  other  man- 
ufacturers also  make  various  types  of  transom-fittings.  Common 
transom-lifters  are  made  with  wrought  steel  rods  and  cast-iron  or 
steel  brackets  and  fittings,  and  are  finished  in  bright  copper.  The 
better  kin^ls,  however,  can  be  had  either  in  bronzed  steel  or  iron, 
bronze  plated  in  various  finishes  on  steel,  Bower-Barff,  or  in  solid 
bronze  or  brass  to  match  any  style  of  finish.  The  stock  lengths 
are  3,  4,  5  and  6  feet,  but  they  can  be  made  up  to  9  feet  in  length 
if  so  ordered,  with  rods  of  several  different  thicknesses.  For 
lifters  5  feet  long  or  over,  the  rod  should  be  ^  of  an  inch  in 
diameter. 

410.     SCREEN-DOOR  HARD- 

WARE. Screen-doors  to  be  effective, 
must  be  provided  with  a  spring  to  close 
them  quickly  when  opened.  This 
spring  may  be  either  in  the  hinge  or 
separate  from  it.  Where  a  screen-door 
IS  to  be  in  almost  constant  use,  it  is  best 
to  use  a  good  quality  of  single-action 
spring-hinge,  such  as  the  "Bommer," 
having  a  strong  and  elastic  spring^coil, 
a  simple  pull-handle  for  opening  the 
door,  and  a  hook  or  bolt  for  securing 
it  from  the  inside. 

A  great  many  special  spring-hinges 
are  made  for  screen-doors,  most  of 
which  have  the  spring-coil  exposed,  as 

in  Fig.  684.  Many  of  these  hinges  are  made  of  cast  iron,  although 
a  few  are  made  of  solid  bronze  or  cast  brass  with  brass  springs; 
the  latter  makes  a  very  serviceable  hinge,  although  for  the  best 
residences,  stores  and  offices,  the  "Bommer,"  *  "Oxford,"  t  "Co- 
lumbia," t  or  "Columbian"  f  spring-hinges  in  bronze  or  brass,  are 
to  be  preferred.  When  exposed  to  the  weather,  steel  hinges  are 
apt  to  rust. 

Many  of  the  cheap  spring-hinges  for  screen-doors  are  so  made 
that  when  the  door  is  revolved  about  135  degrees,  the  spring  holds 
the  door  open,  instead  of  closing  it.  Such  hinges  are  termed 
"hold-back   hinges,"    and   while   they   are   sometimes   serviceable, 

*  Manufactured  by  Bommer  Brothers,  Brooklyn,  N.  Y. 

t  Manufactured  by  The  Columbian  Hardware  Company,  New  York  City. 


Fig.  684.     Columbia    Spring- 
Hinge. 
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they  are  not  usually  so  good  for  closing  the  door  as  the  type  shown 
in  Fig.  684. 
For  residences  it  is  often  more  convenient  to  use  a  pair  of  plain 

butts,  either  3  by  3-inch,  or  3>^  by  3J^- 
inch,  with  the  spring  separate.  The 
spring  can  then  be  detached,  or  the  ten- 
sion released  at  will. 

For  separate  springs  the  "Torrey,"  Fig. 
685,*  is  very  extensively  used,  and  works 
very  satisfactorily.  The  tension  is  ad- 
justed or  released  by  means  of  the  cogs 
and  catch  at  the  top,  a  small  wrench 
for  turning  the  rod  being  furnished  with 
the  spring.  The  "Gem"*  or  "Star"* 
coil  door-springs  are  often  used  in  place 
of  the  "Torrey"  and  are  made  in  all 
finishes,  including  polished  brass.  A 
very  satisfactory  spring  is  the  ordinary 
coil  door-spring.  One  end  is  fastened  to 
the  door,  the  other  to  the  casing,  and  the 
tension  in  the  spring  is  adjusted  by  a 
winding-pin.  This  spring  is  furnished  in 
several  sizes. 

The  door-spring  shown  in  Fig.  686, 
which  is  a  strong  steel  spring-coil  about 
17  inches  long  with  a  hook  at  each  end,  also  makes  a  very  good 
spring  for  screen-doors,  as  it  works  well  and  can  be  very  quickly 
detached.  It  is  secured  to  the  inside  of  the  door  at  the  top,  and  to 
the  underside  of  the  top  jamb  near  the  side,  by  screw-eyes. 

For  the  screen-doors  of  residences  a  catch  with  stop-work  and 
knob  on  the  outside  and  a  lever-handle  on  the  inside,  makes  the 
most  suitable  trimming. 
Such  catches  are  made 
especially  "  for  screen- 
doors,  as  a  reverse- 
bevel  is  always  re- 
quired. One  of  the 
best    catches   that   the 

author  has  seen  is  the  one  shown  in  Fig.  687.t  A  very  similar 
flush  catch  is  made  by  the  E.  T.  Burrowes  Company  and  used  on 
this  company's  screen  doors.  The  screen-door  catches  usually  found 
in  hardware-stores  are  very  cheap  affairs. 

•  Manufactured  by  The  Columbian  Hardware  Company,  New  York  City, 
t  Manufactured  6y  Sargent  &  Company,  New  Haven,  Conn. 


Fig.  685.     Torrey  Door- Spring. 


Fig.  686.     Coil  Door-Spring. 
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Mortise  screen-door  catches  are  now  in  general  use  for  the  bet- 
ter residences,  and  are  furnished  with  or  without  a  key.  The  man- 
ufacturers of  the  catch  shown  in  Fig.  687  also  make  a  mortise 


Fig.  687.     Sccccd-Ddot  Caleb,  Made  by  Sargent  &  Co. 

cylinder  screen-door  catch  which  can  be  furnished  with  keys  made 
to  pass  the  front-door  locks. 

411.     WATER-CLOSET-DOOR   HARDWARE.     Where   sev- 
eral water-ctosets  are  placed  in  a  large  toilet-room,   each  closet 
should  be  enclosed  by  thin  partitions,  preferably  of  marble,  about 
3  feet  apart  and  from  6  to  7  feet  high,  with  a  short  door  placed  in 
front  of  the  closet.    These  doors  usually  are  hung  with  spring- 
hinges,  set  to  hold  the  door  either  closed  or  open  as  desired.     Sin- 
gle-action hinges  are  more  frequently  used,  but  double-action  hinges 
may  be  used  if  desired;  with 
the  latter  the  door  is  always 
shut,   except   on   entering  or 
leaving.       The    single-action 
hinges  are  usually  '"surface" 
hinges,  made  to  screw  to  the 
face  of  the  door  and  frame, 
although  the  "Bommer"  and 
"Draper"   spring-hinges   may 
be  had  with  box  flange,  as  in 
Fig.  688.    The  standard 
form  of  hinge  shown  in  Fig. 
688,  or  some  modification  of  it,  can  be  clamped  around  the  pipe- 
upright  of  the  partition  after  the  latter  has  been  installed.     Most 
of  the  better  class  of  spring-hinges  are  made  in  patterns  especially 
adapted  to  water-closet  doors.     All  of  these  hinges  are  made  with 
a  box  flange  to  fit  over  the  edge  of  the  marble  jamb  to  which  they 
are  secured  by  bolts. 

The   "Bommer"   and  the   "Draper"   single-action   spring-hinges 
have  a  box  flange  with  the  inside  made  to  adjust  %  of  an  inch,  to 


Singre  A 

Fig.  ess. 


Singl. 


Slandard    Pipe-Hinge. 
and  Stand. 


624  BUILDING-CONSTRUCTION,  (Ch.  VI) 

allow  for  any  variation  in  the  thickness  of  the  marble.  Single- 
action  hinges  set  to  clo^e  the  door,  should  have  a  strike  with  rubber 
cushion  on  the  jamb  for  the  door  to  strike  against.  These  may 
usually  be  obtained  with  the  hinges.  Doors  hung  with  double- 
action  hinges  are  not  usually  fitted  with  any  lock  or  bolt,  push- 
plates  only  being  placed  on  each  side  of  the  door.  Doors  with 
single-action  hinges  should  have  a  pull-handle  on  one  side,  and 
usually  are  fitted  with  a  bolt  on  the  inside;  special  "water-closet 
bolts"  are  made  for  this  purpose  which  have  an  indicator-dial  on 
the  outside  of  the  door  to  show  that  the  closet  is  occupied  when 
the  bolt  is  shot.  Water-closet  hardware  is  now  made  in  great 
variety,  by  several  manufacturers,  for  use  in  hotels,  office  and 
public  buildings. 

412.  OFFICE-GATE  HINGES.  Office  gates  are  fitted  usu- 
ally with  spring-hinges.  Special  wide  hinges  for  such  gates  are 
made  in  the  "Bommer"  line  for  both  single  and  double-action. 
The  top  rail,  however,  should  not  be  more  than  4  inches  wide,  when 
such  hinges  are  to  be  used. 

413.  DOOR-CHECKS  IN  GENERAL.  Single-action  doors 
fitted  with  a  spring,  whether  in  the  hinge  or  separate  from  it,  are 
sure  to  slam  violently,  if  there  is  sufficient  tension  in  the  spring  to 
close  the  door;  and  to  avoid  this  several  devices  for  checking  the 
dopr  while  closing  have  been  invented.  Double-action  spring- 
hinges  are  nearly  as  often  used  to  prevent  the  slamming  of  the 
door  as  to  permit  it  being  opened  either  way.  Double-action  doors, 
however,  cannot  be  made  very  tight,  and  are  objectionable  in  this 
respect  for  outside  entrances.  It  has  been  found  that  the  most 
practical  forms  of  door-checks  are  those  which  are  attached  to  the 
top  of  the  door  and  frame,  and  which  are  known  as  "overhead 
checks." 

There  are  two  distinct  kinds  of  door-checks:  A,  those  which 
simply  check  the  door  when  closed  by  a  spring  or  by  hand,  and  B> 
those  which  both  close  the  door  and  prevent  its  slamming.  Checks 
of  the  former  class  are  used  commonly  with  single-action  spring- 
hinges;  those  of  the  latter  class  are  used  with  ordinary  butts. 
Several  styles  of  door-checks  of  class  A  have  been  patented.  The 
"Eclipse"  door-check,*  appears  to  have  been  the  most  popular  check 
several  years  ago,  but,  as  the  use  of  class-B  checks  has  quite  gen- 
erally superseded  the  use  of  those  of  class  A,  it  is  not  as  extensively 
used  as  formerly,  although  still  made.  It  consists  of  a  piston  se- 
cured to  the  head  of  the  door-frame  and  working  in  a  cylinder 
attached  to  the  top  of  the  door.  The  piston-rod  is  attached  in 
such  a  way  that  it  prevents  lateral  motion  and  can  be  accurately 

•  Manufactured  by  Sargent  &  Company,  New  Haven,  Conn. 
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adjusted  to  meet  the  cylinder.  When  the  door  is  opened,  the  cylin- 
der is  drawn  entirely  away  from  the  piston,  while  the  compression  of 
the  air  in  the  cylinder  when  the  door  closes  prevents  any  slam- 
ming. The  air  escapes  through  openings  in  the  end  of  the  cylinder, 
which  are  so  arranged  as  to  be  easily  regulated.  A  special  spring 
for  closing  the  door  is  made  for  doors  hung  with  ordinary  butts. 

414.  THE  DOOR-CHECK  AND  SPRING.  The  first  devices 
put  on  the  market,  consisting  of  a  spring  to  close  the  door  and  acting 
in  conjunction  with  a  piston  and  air-chamber,  were  found  to  be 
unsatisfactory  for  many  reasons  and  at  the  present  time  the  best- 
known  devices  include  a  non-freezing  liquid  as  the  checking-medium. 
The  first  successful  liquid  door-check  was  the  "Blount."  *  This  de- 
vice is  well  known,  having  been  largely  used  during  a  period  of 
twenty-five  years.  The  "Yale"  door-check,t  Fig.  690,  retains  all  the 
desirable  features  of  the  old  "Blount'*  door-check  and  includes,  also, 
many  important  improvements,  which  increase  its  strength  and 
durability.  Its  mechanism  is  simple,  and  based  upon  thoroughly 
well-tried  principles  involving  the  use  of  a  powerful  coil-spring  op- 
erating upon  a  drop  forged-steel  shaft,  which  at  its  lower  end 
actuates  (through  a  crank  and  connecting  rod)  a  piston  operating 
in  an  hermetically  sealed  chamber  filled  with  liquid.  This  type  of 
check  offers  a  minimum  of  resistance  to  the  opening  of  the  door, 
while  furnishing  ample  power,  under  perfect  control,  for  closing  it 
without  slam  or  jar. 

Other  door-checks,  somewhat  similar  in  type  and  using  liquid 
as  the  retarding-agent,  are-the  *'Russwin*' J  (which  can  be  applied 
to  either  right-  or  left-hand  doors  without  reversing  the  spring,  which 
is  of  the  coil-wire  type  and  of  great  wearing  quality),  "Sargent,"  [J 
"  Norton,"  ^  Fig.  689,  and  "  Corbin,"  §  the  last  two  using  a  rack  and 
pinion  instead  of  the  well-known  engine-crank  action. 

The  above-named  devices  are  all  used  in  connection  with  single- 
acting  doors,  but  the  demand  for  a  checking-device  for  double- 
acting  doors  has  been  insistent  and  a  few  years  ago  two  double-acting 
door-checks,  the  "Yale''  *  and  the  "Rixson,"  0  were  placed  on  the 
market.  Unlike  the  single-acting  checks,  these  mechanisms  have  no 
spring  to  close  the  door  but  are  essentially  constructed  to  control 
double-acting  doors,  hung  on  spring-hinges  of  any  type.  They  do 
not  resist  the  opening  of  the  door  in  the  slightest  degree,  but  bring 
it  to  a  gentle,  positive  stop  at  center  without  the  annoying  oscilla- 
tion, so  common  in  uncontrolled  doors  of  this  type.  They  are  liquid 
checks  constructed  upon  the  engine-crank  principle,  and  have  been 
successfully  employed  in  controlling  entrance,  vestibule  and  interior 


*  Manufactured  by  the  Yale  &  Towne  Manufacturing  Company,  New  York  City. 

t  Brought  out  in  1911   by  the  Yale  &  Towne  Manufacturing  Company. 

X  Manufactured  by  the  Russell  &   Erwin  Manufacturing  Company,  New  Britain,  Conn. 

«  Manufactured  by  Sargent  &  Company,  New  Haven.  Conn. 
Manufactured  by  the  Norton  Door  Check  Company,  Chicago,  V\, 
S< Manufactured  by   P.   &   F.   Corbin,  New  Britain,  Conn. 
^Manufactured  t^  the  Oscar  C.   Rixson  Company,  Chica||o>  ^' 
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doors  in  all  classes  of  public  buildings.  They  may  be  installed  when 
a  building  is  erected  or  may  be  applied  without  difficulty  at  any  time 
thereafter. 


I  CaK  or  Shell. 

9  Ball  Valve. 

1  Top  Cap. 

0  Ball-Valve  Rtlaim 

6  Picking-Gland. 

^1  Irairind  PivM. 

7  Fore-Arm  Clam|>-S 

17  Top  Nut  for  Shaft. 

Fig.  689.     S«t[on  of  Norton  Liquid  Door-Cbcck. 

The  use  of  checking  floor-hinges  in  public  buildings,  as  well  as  in 
apartments  and  private  houses,  has  developed  to  a  remarkable  ex- 
tent since  1905.  It  is  better  to  install  this  mechanism  during  the 
construction  of  a  building,  as  it  must  be  fitted  into  the  floor  and 
necessitates  an  operation  presenting  some  diflficulties  if  deferred  un- 
til after  the  building  is  completed. 

The  box  containing  the  mechanism  is  of  cast  iron  and  a  very  pow- 


Liquid  Door-Check. 
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erful  spring  is  provided  which  acts  upon  the  steel  spindle  on  which 
the  door  is  carried.     The  spindle  drives  a  piston  of  relatively  large 
diameter  and  a  non-freezing  liquid  is  the  checking-medium.     The 
important  advantages  of  floor-hinges  such  as  the  "Rixson"l[  and 
the  "Yale,"  ||  made  for  both  single-acting  and  double-acting  doors, 
are  that  the  devices  are  set  into 
the  floor,  the  top  being  flush 
with   finished   floor-line;   butts 
are  eliminated ;  and  the  door  is 
promptly  and  noiselessly  closed 
by  a  means  which  is  practically 
invisible.     The     "Rixson"     is 
built  to  take  care  of  wind  pres- 
sure encountered  on  outside  and 
vestibule  doors.     It  is  built  with 
two  springs  and  two  jjistons  all 

capable  of  independent  adjust-  r,K.  ssi.   Empire  D«r-Hoider. 

ment  to  take  care  of  unequal 

wind  pressure  on  opposite  sides  of  a  door.     Paragraph  357,  Checking 
Spring- Hinges,  gives  further  particulars  on  this  subject. 

415.  DOOR-IIOLDERS.  Various  types  of 
this  fitting  are  made  and  used  on  many  doors  which 
are  fitted  with  a  door-check  and  spring.  They  serve 
to  hold  the  door  open  when  desired.  Figs.  691  *  and 
692  •  show  the  "Empire"  and  "Caldwell"  door-hold- 

-  416.  DOOR-STOPS.  Many  types  of  door- 
stops are  made  by  the  various  hardware-manu- 
facturers. One  type  called  the  "Duplex"  t  stop,  is 
especially  suitable  for  use  on  double  doors.  It  will 
also  serve  as  a  substitute  for  double-acting  hinges, 
and  by  permitting  each  one  of  a  pair  of  doors  to  be 
opened  one  way  only,  compel  the  stream  of  travel 
from  each  side  always  to  "keep  to  the  right."  Each 
door  can  thus  be  hung  on  regular  butts  and  con- 
Fig-  {j9>.  Caid-  trolled  by  a  door-check.  This  is  one  of  the  best 
Door-Haider.       systems  of  Controlling  double-doors  in  the  corridors 

of  hotels,  stations,  and  buildings  of  all  kinds. 
417.    DOUBLE-HUNG     WINDOW-SASH     HARDWARE.* 
The  trimmings  or  hardware  for  double-hung  windows  consist,  usu- 

Idwell  Manufacturing  CompsnT,  Rochester,  N.  Y. 
1  &  Company,  New  Haven,  Conn. 
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ally,  of  pulleys,  sash-cords,  chains  or  tapes,  the  weights  for  bal- 
ancing the  sashes,  sash-fasts,  sash-lifts  and  sash-sockets. 

418.  SIDE  PULLEYS  FOR  WINDOW-SASHES.  These 
are  of  two  types,  side-pulleys  and  overhead  pulleys.  The  former 
is  the  type  commonly  employed,  and  in  fact,  prior  to  about  the  year 
189a,  was  the  only  type  in  use. 

The  general  shape  of  the  common  side-pulley  is  shown  in  Fig. 
693,  although  the  ends  of  the  face-plate  are  as  often  round  as  square. 
These  pulleys  consist  of  a  cast  or  wrought-iron  frame  with  a  fin- 
ished face-plate  and  a  cast-iron  wheel  working  on  an  axle.  Side- 
pulleys  are  fixed  in  a  mortise  cut  into  the  pulley-stile,  and  the  face- 
plate is  usually  the  only  portion  that  is  finished. 

Millions  of  very  cheap  iron  pulleys  are  used  every  year,  and 
unless  the  architect  takes  pains  to  specify  the  particular  style  and 
finish  of  pulleys  he  wishes  used,  he  is  quite  likely  to  get  a  very 
inferior  article.  The  essen- 
jy,^  tial   points  of  a  good  pulley 

iQ  are  that  the  wheel  should  be 

of  sufficient  size,  and  have 
a  durable  smooth-running 
axle  with  broad  bearings,  and 
that  on  the  whole  it  shall 
have  a  neat  appearance. 

The  common  stock  sizes 
of  sash-pulleys  are  i^,  2, 
2j4i  2j^,  3  and  up  to  4  inches, 
the  size  referring  to  the 
diameter  of  the  wheel.  (See, 
A  also,  list  of  sash-pulley  sizes 

.Jw  for   sash-ribbons,   Art.   422.) 

Special  pulleys  are  made  with 
.-,,.„„.  ^„.j^.,.,,  „„..  i-ig-gSj^-p^N""*  diameters  up  to  12  inches. 
The  "Gardner"  *  pulleys  are 
made  up  to  ^yi  inches.  The  2-inch  wheel  is  sufficiently  large  for 
a  sash  not  exceeding  3  by  3  feet  with  double-strength  glass ;  but  for 
larger  or  heavier  sashes,  larger  sizes  should  be  used,  principally  for 
the  purpose  of  throwing  the  sa*h-cord  further  into  the  pocket  so 
as  to  prevent  the  sash-weight  fiom  striking  the  back  of  the  pulley- 
stile.  Pulleys  iH  inches  in  diameter  should  not  be  specified  ex- 
cept for  very  sma'l  windows;  the  manufacturers  indeed,  advise 
that  none  smaller  than  the  2-incli  be  used. 

For  ordinary  purposes  a  "steel  axle"  may  be  specified;  in  the 
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better  grades  the  axles  are  turned  and  the  pulleys  are  then  called 
"noiseless  pulleys."  For  pulleys  larger  than  2  inches,  it  would  be 
well  to  specify  a  gun-metal  or  phosphor-bronze  pin,  as  these  are 
less  likely  to  break.  There  are  also  two  or  three  kinds  of  anti- 
friction pulleys.  The  various  grades  of  steel-axle  pulleys  run 
about  as  follows :  plain  face  and  wheel ;  lacquered  or  amber-bronze 
face,  plain  wheel;  bronze-plated  face  of  various  finishes,  nickel- 
plated  face,  Bower-Barff  face,  bronze  or  brass  face,  iron  wheel; 
bronze  or  brass  face,  and  bronze  or  brass  face  and  wheel.  A 
bronze  or  brass  wheel  would  hardly  be  warranted  except  in  very 
expensive  work. 

There  are  several  variations  in  the  shape  of  side-axle  pulleys, 
but  they  are  mostly  in  the  cheaper  grades  where  special  study  has 
been  made  to  reduce  the  labor  of  fitting  them  to  the  frame.  Such 
pulleys  are  usually  too  cheap  to  specify.  The  principal  variation 
from  the  common  shape  amongst  good  pulleys,  is  that  of  the  "Nor- 
ris"  pulley,  Fig.  694.*  The  "Norris"  sash-pulleys  differ  from  the 
ordinary  axle-pulleys  in  the  form  of  their  face-plates,  as  seen  in 
the  cut.  The  face-plate  on  the  lower  end  is  beveled  and  the  upper 
end  carries  the  screw.  The  mortise  is  undercut  in  the  pulley-stile 
for  the  lower  end  of  the  face-plate,  so  that  when  the  lower  end 
of  the  pulley-case  is  inserted  in  the  mortise,  the  pulley  does  not 
depend  upon  the  screws.  This  only  makes  the  pulley  more  secure, 
as  the  more  weight  put  on  it  the  more  it  embeds  itself  in  its  mor- 
tise. Norris  pulleys  are  furnished  with  wheels  i^,  2,  2]^,  2j/i, 
3  and  4  inches  in  diameter,  and  the  wheels  are  grooved  for  either 
sash-cord  or  sash-chain  as  desired.  A  2j/$-inch  diameter  of  wheel 
for  a  sash  of  the  usual  size  and  a  3  or  4-inch  wheel  for  an  extra 
heavy  sash  is  recommended.  A  turned,  true  wheel  with  good  axle- 
bearings  is  very  important  for  the  life  of  a  pulley  in  the  better  class 
of  buildings. 

Sash-pulleys  are  made  by  a  great  many  different  firms,  but  only 
a  few  make  a  specialty  of  the  better  grades.  The  manufacturers 
of  the  "Norris"  pulleys  make  probably  the  greatest  variety,  and 
several  of  their  grades  are  of  great  excellence  of  construction. 
They  are  made  for  cord,  tape  or  chain,  and  the  chain-wheels  have 
a  groove  especially  designed  to  fit  the  usual  shape  of  chains. 

The  manufacturers  of  the  "Gardner"  sash-pulley  make  a  special 
counterbalance  side-pulley  for  use  with  the  counterbalanced  plank- 
frame  windows  that  are  now  being  used  in  factories  and  store- 
houses. No  weights  or  pockets  are  required  as  one  sash 
counterbalances  the  other.     The  same  manufacturers  also  make  a 

*  Manufactured  by  Frank  B.  Sloan  &  Company,  Baltimore,  Md. 
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large  line  of  sash-pulleys  especially  adapted  to  their  sash-ribbon, 
or  for  rope,  chain  or  cable. 

419.  OVERHEAD  PULLEYS  FOR  WINDOW-SASHES. 
These  pulleys  differ  from  the  side-pulleys  in  that  they  are  made  to 
apply  above  the  pulley-stile,  and  necessitate  a  diflFerently  shaped 
case   from  that  of   the  side-pulleys.    The  first  overhead  pulley, 

Shull's,"  was  patented  in  1895,  and  was  quickly  followed  by  the 
Watson,"  "McQueen"  and  "Grant"  patents  on  various  types  of 
pulleys;  but  it  is  only  since  about  the  year  1907  that  this  type  of 
pulley  has  been  brought  to  its  highest  state  of  perfection.  It  is 
now  manufactured  in  all  the  standard  finishes,  and  with  plain, 
roller-bearing  and  ball-bearing  axles. 

The  principal  advantage  of  the  overhead  pulley  is  that  it  gives 
approximately  8  inches  more  weight-room  in  the  box  than  the.  side- 
pulley,  and  thus  in  many  instances  permits  the  use  of  cast-iron 
sash-weights  where  the  lead  weights  would  be  necessary  if  the  or- 
dinary type  of  sash-pulley  was  used.  Then,  too,  the  wheel  is  not 
exposed,  and  there  is  no  opening  to  be  seen;  and  the  face-plate 
being  mortised  into  the  under  side  of  the  yoke,  is  not  as  conspicuous 
as  when  set  in  the  pulley-stile.  In  a  window  fitted  with  shades,  it 
is  hardly  noticeable.  Overhead  pulleys  cost  no  more  than  side- 
pulleys  of  a  similar  grade.  The  original  and  only  objection  that 
was  offered  to  the  "ShuU"  pulley  was  that  it  required  a  little  more 
than  the  usual  headroom  above  the  top  of  the  frame.  This  objec- 
tion has  been  met,  however,  in  the  later  types,  and  the  pulleys 
manufactured  for  twin,  triple  and  quadruple  frames,  where  the 
weights  are  carried  at  the  ends,  and  where  to  give  the  maximum 
amount  of  light  service,  only  2-inch  mullions  are  allowed,  are  now 
in  their  highest  perfection.  Fig.  695  *  shows  the  Grant  overhead 
pulley.  The  construction  explains  itself.  Fig.  696!  shows  an  ar- 
rangement of  the  Gardner  overhead  sash-pulleys  for  two  windows 
and  one  mullion,  and  for  three  windows  and  two  mullions.  For 
twin  openings  the  two  single  pulleys  are  not  required.  The  larger 
the  pulley  the  longer  the  wear  of  the  sash-cord.  Smaller  pulleys 
than  those  specified  in  the  schedule  given  in  Art.  420  should  not 
be  used,  and  larger  pulleys  will  give  still  better  service. 

420.  SASH-CORDS.  Until  a  few  years  ago,  linen  or  cotton 
cord  only  was  used  for  connecting  the  weights  with  the  sashes  of 
double-hung  windows,  and  cord  is  still  more  extensively  used  than 
either  ribbons  or  chains.  For  windows  of  ordinary  size  a  good 
braided  cord  will  wear  for  a  long  time,  and  this  material  will  prob- 
ably never  be  entirely  displaced  by  metal.    "Tests  made  at  the 

*  Manufactured  by  the  Grant  Pulley  and  Hardware  Company,  New  York  City, 
t  Manufactured  by  the  Gardner  Sash-Pulley  Company,  Morris,  HI. 
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Massachusetts  Institute  of  Technology  (see  Art.  423)  show  that 
cords  wear  much  longer  than  chains,  though  they  have  less  tensile 
strength.  Cords  should  be  smooth  and  round,  so  that  each  strand 
bears  its  part  of  the  stress,  and  well  glazed,  so  that  they  have  a 


;.  695.     Grant  Over  hi 


smooth  surface  and  consequently  less  wear  from  friction  with  the 
wheel  of  the  pulley." 

It  has  been  found  that  cord  can  be  braided  too  hard  for  durabil- 
ity, yet  if  it  is  braided  so  as  to  be  very  flexible  it  may  be  so  soft 
that  it  will  stretch  and  cause  great  annoyance  by  permitting  the 
weight  to  hit  the  bottom  of  the  weight-box. 

The   architect,   however,   should   always   specify  the  particular 
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brand  and  size  of  cord  to  be  used,  and  also  the  diameter  of  the 
pulley.  Among  the  leading  brands  of  sash-cord  at  present  are 
the  "Samson  Spot/'  *  the  "Silver  Lake  A,"  f  ("A"  means  the  first 
quality).  Both  of  these  are  superior  to  the  ordinary  braided  cords, 
which  are  made  from  inferior  yams  to  meet  the  jobbers'  require- 
ments for  price.  In  addition  to  other  most  excellent  qualities,  the 
"Samson"  cord  offers  an  additional  advantage  that  architects  will 
appreciate;  it  has  a  colored  strand  woven  through  it,  which  shows 
in  spots  on  the  surface  and  thus  enables  the  architect  to  tell  at  a 
glance  that  no  other  cord  has  been  substituted.  The  Silver  Lake 
sash-cord  has  the  name  "Silver  Lake  A"  branded  on  every  foot  of 
cord.  The  letter  "A**  is  omitted  on  their  second  grade.  The  mark- 
ing of  the  cord  by  color,  or  any  other  device  does  not  alter  the 
quality  of  the  cord.  Special  marks  may  be  applied  to  inferior 
cord  as  well  as  to  the  best.  The  following  numbers  should  be 
specified  for  the  different  weights  of  sash-weights. 

RELATIVE  SIZES  OF  SASH  CORD,  WEIGHTS  AND  PULLEYS. 

Size  number 6  7  8  9  10  12 

Diameter ^16       %2       %         %2       9i«       % 

Feet   per  lb.    (Approx.) 66  55         44  36  27  20  ft. 

Suitable    for    weights    up    to 5  12         20  30  40  50  lbs. 

Minimum    diam.    of    pulley    allowable    .     .     .     .     i^^       1%       2  2^4       ^Vit       3  in* 

For  hanging  sashes  weighing  over  40  pounds,  only  the  largest 
size  of  "Samson  Spot"  or  "Silver  Lake  A"  cord,  or  some  form  of 
sash-chain,  ribbon  or  wire  cable  should  be  used;  and  the  pulleys 

should  be  selected  to  fit  the  cord  or  chain.  A 
guarantee  that  the  cord  will  last  at  least  twenty 
years  may  be  had  from  either  of  the  above  manu- 
facturers. 

Samson  Wire  Center  Sash-cord  *   is   a  metal 
cord  with  a  braided  cotton  protection  which  acts 
as  a  noiseless  cushion.     It  is  claimed  that  it  har- 
monizes with  the  window  finish  and  that  it  has 
*^*  &wh.Chfku*'^^    greater  durability   than   any   other   device.     The 

standard  color  is  dark  mahogany,  but  it  is  made 
to  order  for  large  buildings  in  other  colors  to  match  the  finish. 

421.  SASH-CHAINS.  Of  several  styles  of  sash-chains  in  the 
market,  the  style  most  largely  used  is  the  flat-link  chain,  of  which, 
perhaps,  the  best  pattern  is  shown  in  Fig.  697. 1 1     This  chain  is  made 

*  Manufactured  by  the  Samson  Cordage  Works,  Boston,  Mass. 
t  Manufactured   by  the   Silver   Lake  Company,   Boston,   Mass. 
Q  Manufactured  by  the  Bridgeport  Chain  Company,  Bridgeport,  Conn. 
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dther  of  steel  or  of  bronze  composed  of  95  per  cent  copper  and 
5  per  cent  tin.  For  suspending  very  heavy  sashes,  doors  and  gates, 
the  cable-chain,  shown  in  Fig.  698,  has  been  extensively  used. 
Fig.  699  shows  the  "Star"  *  brand  bronze-metal  sash-chain.  The 
drawing  shows  the  connections  of  chain  to  sash  and  weight. 

The  manufacturers  of 
the  "Norris"  pulleys  claim 
that  a  riveted  chain  hav- 
ing joints  only  one  way  is 
almost  sure  to  break  when 
even  slightly  twisted,  and 
that  it  is  better  to  .use  two 
chains  of  the  link-pattern 
running  side  by  side  over 
the   same   pulley. 

The  strongest  s  a  s  fa- 
chains  are  of  steel  made 
rust-proof  by  the  hot-gal- 
vanizing process,  and  elec- 
tro-copperplated  to  give  a 
bronze  finish ;  and  of  a 
bronze  mixture  which 
looks  like  copper,  but  is 
lougher  and  harder.     One  '''ft  *?'-   ?='«''    shpwing 

.      °,  ,  .  Devices    for    Conneclmg 

farm  7  claims  that  its  gal-         fjb.  M-  ^'''"  !"  ^'"^  "^  *-■"'" 

vanized-steel   sash-chain  is      Cabie-Chain.  *'* 

from  II  to  45  per  cent  stronger  than  any  bronze  or  copper  sash- 
chain  and  that  it  will  resist  fire  for  a  much  longer  period.  The 
tensile  strength  of  their  chain  varies  from  475  to  850  pounds,  ac- 
cording to  the  weight  used. 

4^2.  SASH-RIBBONS.  These  are  now  also  extensively  used 
in  hanging  the  sashes  of  the  better  class  of  buildings.  The  rib- 
bons are  made  of  steel  and  aluminum -bronze  or  of  some  mixture 
of  aluminum,  and  in  J^,  yi,  ^,  ^  and  %-inch  widths.  They  are 
claimed  to  be  practically  indestructible,  but  according  to  one  series 
of  tests  it  would  appear  that  in  some  cases  they  do  not  wear  as 
long  as  sash-cords  or  sash-chains.  Some  people  object  that  the 
ribbons  snap  against  the  pulley -stiles,  when  the  sash  is  raised  or 
lowered,  and  thus  make  considerable  noise.  The  ^-inch  ribbon  may 
be  used  for  a  sash  weighing  up  to  100  pounds  and  requiring  50-pound 
weights.  For  a  window  6  feet  10  inches  high  and  3  feet  wide, 
glazed  with  plate  glass,  the  ribbons  with  attachments  will  cost  about 
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properly.  If  the  hooking-device  fails  near  the  top  the  upper  sash 
cannot  be  closed  and  if  at  the  bottom  the  window  cannot  be  opened. 
It  is  then  necessary  to  open  the 
weight-box  and  rehang  the  sec- 
tions before  the  window  can  be 
operated.  In  theory  sectional 
weights  are  ideal;  in  practice, 
however,  they  are  not  considered 
as  satisfactory  as  solid  weights. 
The  "Brown"*  sectional  weight, 
is  made  2H  by  2%  inches  and  in 
weights  of  6,  7,  8,  9  and  ro 
pounds.  Fig.  700,  types  a  *  and 
&,*  shows  cast-iron  weights. 
Types  c  and  d  are  lead  weights 
(see  Art.  426). 

Fig.  7000  shows  various  de- 
tails of  weight-boxes  for  the 
frames  of  double-hung  windows. 
The  details  shown  are  for 
square,  oblong  and  round  sash- 
weights. 

It  frequently  occurs  after  the  contract  is  let,  that  the  glass  is 
changed  from  double-thick  to  plate  or  prism  glass.  This  means  in- 
creased weight,  but  the  length  of  the  sash-weight  cannot  be  increased 
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and  it  therefore  becomes  necessary  to  increase  the  area  of  its  cross- 
section.  If  the  weight-box  is  detailed  to  take  the  regular  round 
sash-weight,  its  general  construction  will  be  such  that  it  will  take 
a  2-inch  round  sash-weight,  but  not  a  2-inch  square  sash-weight. 
This  difficulty  can  be  avoided  by  a  little  thought  at  the  start.     An 

•  Manufactured  by  E.  E.  Brown  A  Comiwnr,  Philadelphia.  Pa. 
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added  depth  of  %  of  an  inch  in  the  weight-box  would  permit  the 
use  of  a  rectangular  cast-iron  sash-weight. 

Fig.    700&    illustrates    the    "Sanborn"    sectional    sash-weight* 
which  is  intended  for  use  in  large  buildings  of  heavy  construction. 
Because  of  the  lack  of  uniformity  in  the  weight  of  plate  glass  the 
required  weight  of   sash-weights  can- 
not be  accurately  determined  previous 
to  the  hanging  of  the  sashes.     By  the 
use  of  a  sectional  sash-weight,  combi- 
nations of   units  can   be  made   up  to 

suit  the  requirements.     The  unhs  are  ■ 

made  square  or  rectangular  in  section 
in  order  to  secure  a  maximum  weight 
with  a  minimum  length.  An  opening 
of  12  inches  in  the  side  of  the  pocket  is 
sufficient  for  hanging  the  largest  unit. 
These  units  are  manufactured  in  stand- 
ard sizes  to  meet  the  general  conditions 
found  in  the  building  trades. 

426.  LEAD  SASH-WEIGHTS. 
It  often  happens  that  for  wide  and  low 
windows  the  weights  if  of  iron  would 
be  so  long  that  they  would  touch  the 
bottom  of  the  pocket  before  the  bottom 
sash  was  fully  raised.  In  such  cases 
lead  weights  are  usually  resorted  to, 
lead  being  80  per  cent  heavier  than  cast 
iron.  By  casting  the  weights  square, 
whether  of  iron  or  lead,  a  considerable 
saving  can  be  made  in  the  lengths.  j. 

One      sash-weight      manufacturer  f  H 

makes  a  specialty  of  compressed  lead  I— ' 

sash-weights,  with  wrought  and  malle-  ^^^-  '7ioMi''sLh-w"^h"  ^^ 
able-iron  fastenings  centered  so  that  the 

weight  will  hang  perfectly  plumb;  and  when  lead  weights  are  neces- 
sary the  architect  will  do  well  to  specify  the  weights  made  by  this 
company.  These  weights  are  made  under  hydraulic  pressure,  by 
which  greater  smoothness,  solidity  and  density  of  metal  is  secured 
than  is  possible  by  the  casting-process.  A  wrought-iron  rod  is 
run  through  the  center,  to  which  are  securely  attached  the  malle- 
able-iron httings. 

In  hanging  the  sashes  the  weights  for  the  upper  sash  should  be 
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about  yi  a  pound  heavier  than  the  sash,  and  for  the  lower  sash 
^  a  pound  lighter.  Fig.  700,  types  c  *  and  d  *  shows  compressed- 
lead  weights. 

427.  SASH-BALANCES.  Within  a  comparatively  few  years 
several  devices  have  been  patented  for  balancing  sashes  by  means 
of  springs  instead  of  weights,  but  the  author  believes  that  only  one 
type,  known  as  the  "sash-balance,*'  has  proved  a  practical  success. 
The  sash-balance  consists  of  a  drum  on  which  the  ribbon  is  wound, 
and  which  contains  a  coiled-steel  clock-spring,  immersed  in  oil;  the 
spring  sustains  the  weight  of  the  sash.  The  common  type  very 
much  resembles  in  outward  appearance  the  ordinary  sash-pulley, 
and  is  applied  in  practically  the  same  way^  the  ribbon,  which  is 
made  usually  of  aluminum-bronze,  is  attached  to  the  sashes  in  the 
same  manner  as  cord  when  weights  are  used. 

While  the  sash-balance  in  its  best  form  works  very  satisfactorily, 
it  will  probably  never  entirely  supplant  the  weight  and  axle-pulley 
for  ordinary  windows.  There  are  many  windows,  however,  for 
which  sufficient  pocket-room  for  weights  cannot  be  obtained  with- 
out spoiling  the  effect  desired  or  narrowing  the  glass,  as  in  the  bay 
window,  Fig.  209,  or  where  it  is  undesirable  to  break  the  frame  into 
the  brick  jamb.  In  such  cases  the  sash-balance  is  almost  invalu- 
able. For  hanging  the  glass  doors  of  show-cases,  sash-balances  are 
iisually  preferable  to  weights.  Sash-balances  are  made  in  both  side 
and  top-patterns,  but  the  former  are  recommended  wherever  there 
is  room  at  the  side  of  the  frame  for  the  depth  of  mortise  required. 
For  windows  of  the  sizes  usually  found  in  residences,  the  depth  of 
the  sash-balarice  measured  from  the  face  of  the  pulley-stile  will 
vary  from  3  to  4  inches ;  this  can  be  provided  for  usually  by  cutting 
a  hole,  if  necessary,  in  the  masonry  or  studding  back  of  the  frame. 

As  sash-balances  require  only  a  plank  frame,  the  consequent 
reduction  in  the  cost  of  the  frame  offsets  the  extra  cost  of  the 
balance.  In  remodeling  old  buildings  which  have  plank  frames 
without  weights,  sash-balances  will  be  found  a  great  convenience, 
since  they  can  easily  be  inserted  in  the  old  frames. 

An  advantage  which  all  spring-balances  possess  is  that  they  act 
most  strongly  when  the  sash  is  down,  and  so  enable  one  to  raise  a 
binding  window  more  readily  than  if  it  were  hung  with  weights; 
while  when  the  sash  is  up  the  springs  barely  suffice  to  hold  it  in 
position  and  do  not  offer  resistance  to  drawing  it  down.«  Of  the 
various  sash-balances  on  the  market,  the  "Pullman"  t  and  "Cald- 
well" X  are  the  most  extensively  used,  and  undoubtedly  reliable. 

*  Raymond  Lead  Company,  Chicago,  111. 

t  Manufactured  by  the  Pullman  Manufacturing  Company,   Rochester,  N.   Y. 

t  Manufactured  by  the  Caldwell  Manufacturing  Company,  Rochester,  N.  Y. 
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The  "Pullman  Unit"  *  sash-balance  has  been  on  the  market  many 
years  and  has  proved  satisfactory.     These  balances  are  now  made 
with    uniform-size    face-plates    for   the   various   weights   of   sash 
with  which  they  are  to  be  used,  and  thus  make  it  possible  to  have 
all  mortises  for  the  balances  cut  at  the  mill,  as  is  now  done  for 
the  regular  cord-pulleys.     The 
"Caldwell"  t  sash -balance,  both 
top    and    side-types,    is    much 
used  by  the  United  States  Post 
Office  and  Navy  Departments. 
Ilf  is  used  also  by  the  leading 
car-builders.     The  springs  are 
made  of  high-grade  cold-rolled 
tempered -steel  wire,  a  material 
similar  to  that  used  for  clock- 
springs.     The     manufacturers 
guarantee    these    sash -balances 
for  from  ten  to  fifteen  years. 
Fig.  701  t  shows  the  application 
of  both  the  side  and  top-type 
of  the  "Caldwell"  sash-balance. 

428.     S.'\SH-FASTS    AND 
SASH-LOCKS.    There  is  such 

a  great  variety  of  sash-fasts  in  the  market  that  it  will  be  possible 
to  mention  but  a  few.  Sash-fasts  consist  of  two  plates  secured 
one  to  each  meeting-rail  and  provided  with  a  bar,  catch  or  cam  that 
locks  the  two  plates,  and  consequently  the  two  sash,  together. 

The  requiremenls  of  a  good  sash-fast  are  that  it  shall  be  burglar- 
proof,  draw  the  sashes  tightly  together  in  order  to  prevent  rattling, 
be  easy  to  operate,  and  be  neat  in  appearance.  The  principal  point 
in  regard  to  the  burglar-proof  quality  of  the  fast  is  that  it  shall 
be  constructed  so  that  when  locked  the  arm  cannot  be  forced  back 
by  a  knife-blade  inserted  between  the  sashes  from  the  outside. 
The  arm  or  catch  should  also  have  sufficient  strength  to  prevent 
it  from  being  broken  readily  by  prying  up  the  lower  sash,  although 
any  window  can  be  opened  by  using  sufficient  force. 

A  great  change  has  taken  place  in  the  design  of  the  sash-fasts 
in  common  use  since  about  the  year  1897.  Most  of  the  older 
styles  had  a  spring  attached  to  the  arm  which  forced  it  either  open 
or  shut,  but  spring-fasts  are  now  comparatively  little  used.  The 
old-style  fasts,  also,  were  not  as  a  rule  efficient  for  drawing  the 

•  Uanufscluced  by  the  Pullman  ManufacturiTig  Companr,  RocfacMer,  N.  Y. 
t  Mmufaciured  by  the  Caldwell  HanufacturinE  Company,  Rccbeitcr,  N.  Y. 
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sashes  together,  while  the  later  styles  are  made  with  this  object 
especially  in  view. 

Probably  one  of  the  most  popular  types  of  sash-fast  has  been,  up 
to  recent  years,  the  "Cam"  sash-fast,  which  consists  of  two  levers 
fastened  to  the  lower  sash  and  working  on  the  cam -principle. 
When  the  upper  lever  is  turned,  the  lower,  or  locking-lever,  is  first 
thrown  out  until  released  from  the  hook  on  the  upper  sash,  and 
then  drawn  around  and  in  toward  the  hub  until  both  levers  are  on 
a  line  with  the  edge  of  the  sash.  The  upper  lever  moves  through 
i8o  degrees,  while  the  lower  lever  is  moved  through  only  90  degrees. 
The  fast  is  very  simple  in  its  construction,  and  there  is  nothing  about 


"Cte»c«nt,"  Cast  Metal. 
Fig.  701. 

it  that  can  get  out  of  order.  One  advantage  of  the  "Cam"  sash-fast 
is  that  there  is  considerable  play,  in  and  out,  to  the  locking-lever, 
so  that  if  the  sashes  are  at  all  loose  the  locking-lever,  by  the  action 
of  the  cam,  draws  them  tightly  together,  and  so  prevents  the  sashes 
from  rattling  in  a  storm.  The  locking-lever  cannot  be  forced  back 
from  the  outside. 

The  "Cam"  sash-fast  was  first  brought  out  by  The  H.  B.  Ives 
Company,  but  there  are  now  several  other  cam  sash-fasts  on  the 
market  that  are  made  on  practically  the  same  principle  and 
in  very  nearly  the  same  shape ;  most  of  these,  however,  are  inferior 
to  the  "Ives."  *  The  "Crescent,"  *  sash-fast  has  largely  superseded 
the  "Cam"  sash-fast,  ahhough  the  latter  is  still  used  to  some  extent. 
One  important  feature  of  the  "Crescent"  sash-fast,  as  shown  in 
Fig.  702,*  is  in  the  operation  of  the  "sweep";  it  stops  against  solid 
metal  in  the  base,  and  so  insures  a  more  serviceable  action.  For 
use  on  metal  sash  this  firm  also  makes  a  sash-fast  of  malleable  iron 
which  is  approved  by  the  Board  of  Fire  Underwriters.  These  fasts 
are  made  of  both  cast  and  wrought  metal,  in  two  sizes  and  several 
different  styles  of  finish. 

■  Manufictured  bj  The  H.  B.  Ives  Compiny,  New  Hiven,  Coon, 
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Fig.  703  *  shows  a  form  of  sash-lock  placed  on  the  market  in 
1896.  This  fast  is  neat  in  appearance,  very  simple  in  construction, 
efficient  in  operation,  and  is  in  almost  universal  use.  It  is  so  de- 
signed that  it  will  both  raise  the  upper  sash  and  draw  it  into  the 
lower  one,  for  the  lever  engages  in  the  hook-plate  on  the  upper 
sash  even  when  the  sash  is  dropped  ^  of  an  inch.     Two  flat  springs 


Fie-  703.     Fitch  Saih-Lock. 


within  the  lever-plate  keep  the  lever  either  closed  or  open,  although 
the  security  of  the  lock  does  not  depend  upon  them.  The  makers 
of  these  sash-fasts  make  them  also  for  use  on  fire-proof  sashes 
and  steel  sashes ;  the  former  are  approved  by  the  underwriters. 
Practically  all  the  sash-fasts  now  used  are  of  this  type. 

Another  sash-fast  (Fig.  705)  f  is  rather  a  novelty,  and  very  ex- 
tensively used.  It  would  appear 
to  be  especially  desirable  for 
windows  that  are  not  likely  to 
be  often  opened,  as  it  acts  to 
draw  the  sashes  firmly  together 
and  at  the  same  time  force  them 
against  the  top  and  bottom  of  the 
frame.  It  does  not  seem  to 
be  quite  as  convenient  for  ordi- 
nary purposes  as  the  fasts 
shown  in  Figs.  702  and  703. 
In  order  to  obtain  the  best  re- 
sults from  cam  sash-fasts  the 
plaf'js  must  have  careful  adjust- 
ment on  the  frame ;  the  screw  sash-fast  has  considerable  latitude. 
Several  self -locking  sash-fasts  have  also  been  patented,  but  very 
few  of  them  have  become  popular.     Fig.  704*  shows  the  "Fitch" 

•  Uanafidured  by  The  W.  &  E.  T.  Fitch  Company,  New  H»vtn.  Corm, 

t  Hanuftcturcd  br  the  Yal«  &  Townc  Munufactunn;  Campuiy.  N«w  York  City. 
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sash-lock  with  motise  strike-plate.     This  is  used  on  window-sashes 
where  the  usual-shaped  strike  cannot  be  employed. 

The  simplest  device  for  locking  the  sashes  when  partially  open  is 
the  "sash-bolt"  or  "ventilating-bolt,"  Fig,   706,  of  which   several 
patterns  are  made  in  solid  bronze.     A  lug  on  the  inside  of  the  case 
keeps  the  bolt  drawn  when  desired;  a  slight  turn  of  the  knob  re- 
leases the  bolt  and  shoots  it  into  the  strike.     The  bolt  is  placed  on 
top  of  the  meeting-rail  of  the  lower  sash  and  the  strike  on  the  stile 
of  the  upper  sash.     Usually 
three  strikes  are  placed  on 
the  upper  sash  at  intervals 
of  about  2  inches  from  the 
meeting- rail,   so  that   either 
sash  may  be  opened  2  or  4 
inches  as  desired.     A  regu- 
Fi      d6    Vemiiiiin    Sasi.-Boit  '^''   sash-fast   may   be   used 

with  this  bolt  if  desired,  as 
although  the  bolt  will  lock 
the  sashes  when  closed,  it 
will  not  prevent  their  rattl- 
ing if  loose.  This  device, 
however,  is  not  used  as  often 
now  as  formerly.  A  win-  . 
dow- ventilating  lock  •  which 
is  applied  on  the  side  of  the 
window  adds  much  to  the 
protection  given  by  the  sash-fast. 

For  all  first-class  work  sash-fasis  should  be  of  bronze-metal, 
but  a  great  many  iron  fasts  lac(|uered  or  bronze-plated  are  used. 
The  difference  in  cost  for  an  ordinary  residence,  however,  hardly 
warrants  the  use  of  the  cheaper  goods. 

429.  SASH-LIFTS,  These  are  applied  to  the  bottom  rail  of 
the  lower  sash  to  afford  a  hold  for  the  fingers  when  raising  the 
sash.  They  should  always  be  specified  for  plate-glass  windows  and 
for  a1)  sashes  3  feet  wide  and  over. 

Sash-lifts  are  of  four  kinds:  I,  The  flush  sash-lift,  which  is 
mortised  into  the  rail  of  the  sash  so  as  to  be  flush,  or  nearly  flush 
with  it.  2.  The  hook  sash-lift,  the  most  common  style  of  which 
is  shown  in  Fig.  707;  it  is  about  the  most  convenient  shape  to  take 
hold  of,  and  is  the  shape  most  largely  used.  3.  Bar  sash-lifts, 
which  may  be  obtained  either  plain  or  ornamented.  For  very 
heavy  windows  the  flush  or  bar  sash-lifts  are  best,  as  several  fingers 
can  be  inserted  into  the  lift.     The  flush  sash-lifts  are  also  neater 

•  M«lllt8Clar«i  by  The  H.  B.  I«»  Company.  New  H»ven.  Conn. 
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in  appearance,  4.  Sash-lifts  and  locks  combined.  One  of  the 
most  practical  styles  of  these  combined  sash-lifts  and  locks  is  shown 
in  Fig.  708.  The  hook  is  fastened  with  a  pivot  and  terminates  in 
a  second  hook,  which  catches  over  a  plate  screwed  to  the  sill.  The 
upper  part  of  the  lift  is  forced  out  by  a  spring.  Flush  lifts  with 
lock-catch  may  also  be  had  if  desired.  These  locks  should  be  used 
where  there  is  but  one  sash  to  the  window,  or  when  the  sashes  are 
hung  with  spring-balances. 

Fig.  709  *  shows  a  sash-lift,  intended  to  go  on  the  stile  of  the  sash 
about  half-way  up.  This  is  a  very  convenient  sash-lift  for  the 
ordinary  windows  of  residences,  as  it  can  be  used  for  either  raising 
or  lowering  the  sash ;  it  will  be  found  especially  convenient  on  the 
upper  sash,  as  well  to  lower  it  as  to  raise  it. 

430.    SASH    PULL-PLATES    OR    SOCKETS.    These    are 


E 


Fig.  710.    Turnbuckle  tor  Caacment-Windowi. 

small  brass  plates  with  a  round  hole  or  socket,  which  are  often 
screwed  to  the  top  of  plate-glass  windows  for  pulling  down  the  sash. 
For  this  purpose  a  pole  with  a  hook  on  the  end  of  it,  called  a  "sash- 
pull,"  is  used,  the  hook  being  made  to  fit  into  the  socket  on  the  sash. 
The  use  of  sash-pulls  and  sockets  prevents  the  sash  from  beii^ 
racked  and  strained,  and  they  are  also  a  great  convenience.  They 
should  be  of  solid  bronze  on  all  but  the  very  cheapest  work. 

431.  SASH-STOP-ADJUSTERS.  It  is  becoming  the  custom 
in  good  buildings  to  secure  the  stop-beads  of  the  windows,  and  also 
of  sliding  doors,  with  screws  passing  through  an  elongated  hole  in 
a  round  plate  or  socket  let  into  the  stop.  The  elongated  hole  or 
slot  is  placed  at  right-angles  to  the  sashes  so  that  the  stop  can 
readily  be  moved  in  or  out  as  the  sashes  swell  or  shrink.  They 
may  be  obtained  in  all  finishes  with  screws  to  match,  and  cost  from 
i2j^  to  25  cents  a  dozen  in  ordinary  finishes. 

432.  SINGLE-SASH       CASEMENT-W.INDOW       HARD- 

*  Manufactured  b;  Sai^nt  &  Compan]',  New  Haven,   (^{uu 
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WARE.  The  sash  is  often  hung  with  a  pair  of  light,  loose-pin 
bronze-metal,  "Stanley"  bronze-plated,  or  japanned  butts.  The 
sash  may  be  secured  with  a  common  latch  or  bolt,  or  by  a  double- 
extension  bolt.  For  windows  not  more  than  3  feet  high  and  open- 
ing in,  a  simple  casement-latch  or  "turnhuckle,"  like  that  shown  in 
Fig.  710,  will  generally  prove  satisfactory;  the  strike  is  so  arranged 
as  to  force  the  sash  tightly  against  the  rebate,  and  so  short  a  sash 
is  not  likely  to  spring  very  much. 

When  the  sash  is  over  4  feet  high,  however,  a  double-  extension 
bolt  or  an  "espagniolette"  bolt  (see  Art.  433)  should  be  used,  for  if 
the  sash  is  secured  only  in  the  center  it  will  be  likely  to  spring  badly 
at  the  top  and  bottom.  The  mortise  double-extension  bolt,  shown 
in  Fig.  711,  makes  a  very  neat  finish  and  a  very  strong  fastening. 

A  combined  mortise  extension-bolt  and  turnbuckle  *  is  made 
which  may  be  operated  by  a  "lever-handle"  or  "T  handle"  or 
*'thumb-knob."  The  top,  center  and  lower  bolts  are  all  "shot"  at 
the  same  time  and  the  center  bolt  is  dead-locked.  The  lower  bolt- 
head  is  made  with  a  spring-attachment  so  that  the  bolt  will  operate 
should  the  hole  in  the  strike-plate  be  partly  filled  with  dirt. 

The  "Cremorne"  bolt,  shown  in  Fig.  664  (see  Art.  404),  is  really 
a  rim  double-extension  bolt,  operated  on  the  same  principle.  It 
makes  a  very  handsome  trimming  for  casement-windows  opening  in 
or  out.  Casement-windows  may  also  be  fitted  with  a  mortise-lock 
and  latch  with  lever-handle,  special  narrow  locks  being  made  for  the 
purpose.     (See,  also,  Art.  146,  Chapter  III.) 

433.  DOUBLE-SASH  CASEMENT  OR  FRENCH-WIN- 
DOW HARDWARE.  These  windows  usually  have  the  meeting- 
stiles  rebated,  so  that  when  the  swing-leaf  is  secured  it  will  also 
secure  the  standing  leaf.  The  best  fastening  for  a  French  window 
is  believed  to  be  the  "espagniolette"  bolt  or  bar.  (See,  also.  Art. 
432.)  This  IS  much  used  in  France,  and  possesses  an  advantage 
over  the  extension-bolt  in  that  it  is  so  arranged  as  to  draw  the  sash 
firmly  against  the  window-frame,  and  thus  make  it  more  secure 
against  the  weather.  Fig.  712  shows  a  type  of  the  double-rim 
espagniolette  bar,  which  not  only  secures  the  sashes  but  locks  them 
together  and  draws  them  closely  to  their  place.  The  operation  of 
the  bar  is  as  follows :  by  turning  the  T  handle  the  hasp  is  released 
from  the  locking-plate,  P,  on  the  standing  leaf,  and  by  turning  the 
handle  back  the  bar  is  revolved  and  the  hook  is  released  from  the 
strike  at  the  top  and  bottom  of  the  door.  These  bars  are  made  with 
various  modifications  by  several  manufacturers. 

A  mortise  espagniolette  bar,  working  on  the  same  principle  is 
made  by  various  manufacturers.     If  it  is   desired  to  secure  the 

*  M^ufactured  by  Sargent  &  Company,  JJcw  ^av(n,  Conn. 
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standing  leaf  independently  of  the  other,  a  flush  bolt  may  be  used 
at  the  top  and  bottom,  but  as  it  is  usually  desirable  to  open  both 
leaves  of  a  French  window  together,  it  is  more  convenient  to  use 


1 


^ 


one  double-extension  bolt  or  espagniolette  bar.     (See,  also,  Art, 
146,  Chapter  III.) 

434.  PIVOTED-WINDOW  HARDWARE.  As  stated  in 
Article  147,  it  is  often  desirable  to  pivot  windows  consisting  of  a 
single  sash  and  especially  those  which  are  of  an  irregular  shape. 
For  windows  of  moderate  size,  pivoted  at  the  sides,  the  sash-center 
shown  in  Fig.  679  may  be  used.     Very  heavy  or  large  windows 
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should  be  pivoted  at  the  top  and  bottom,  and  for  such  windows  the 
style  of  sash-center  shown  in  Fig.  713  is  preferable.  This  center 
is  made  4  and  5  inches  long,  '/i  an  inch  thick,  and  should  be  o£ 
bronze-metal  to  avoid  rust. 

Windows  pivoted  top  and  bottom  should  be  provided  with  a  sash- 
adjuster  that  will  hold  the  sash  in  any  position.     One  pattern  of 


Fig.  714.     Suli'Adjuslcr. 

such  an  adjuster,  the  "Yale,"*  is  shown  in  Fig.  714.  Sash-adjust- 
ers also  make  the  best  trimming  for  a  window  either  pivoted  or 
hung  at  the  sides,  unless  the  window  is  so  high  that  the  adjuster 
cannot  readily  be  reached,  in  which  case  a  transom-lifter  may  be 
used.  If  the  adjuster  is  placed  with  the  center  of  the  base-plate 
8j^  inches  from  the  jamb  to  which  the  sash  is  attached,  the  sash 
can  be  opened  90  degrees,  and  held  firmly  at  any  angle  down  to  :o 
degrees.     Many  forms  of  adjusters  are  made  by  the  various  manu- 

*  Hanufulurcd  hj  the  Ytle  &  Towne  Manufacturing  Company,  New  York  City. 
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facturers.  The  "Sperry"  *  is  installed  entirely  beneath  the  stool 
with  no  projections  above  same,  and  holds  ihe  window  in  any  de- 
sired position  in  a  positive  and  rigid  manner.  It  is  operated 
entirely  from  within  the  room.  The  "Holdfast"  f  and  "Bull- 
dog" t  adjusters  work  upon  somewhat  the  same  principle  as  the 
"Sperry,"  except  that  the  action  is  partly  above  the  stool  in  the 
"Holdfast"  and  entirely  so  in  the  "Bull-Dog."  Either  of  the  ad- 
justers mentioned  offers  a  solution  of  the  difficulty  of  operating 
casements  swinging  out, 
without  disturbing  screen, 
storm- sash  or  draperies. 
They  are  made  of  brass 
or  steel  and  in  all  finishes, 
and  may  be  installed  in 
new  or  old  work.  The 
Casement  Hardware  Com- 
pany also  make  "fasteners" 
for  casements  swinging 
out,  and  a  device  called  the 
"Outside  In"  casement- 
window  cleaner,  which 
greatly  assists  in  the  opera- 
tion of  cleaning  the  case- 
ments from  the  inside. 
The  device  supports  the 
casement  after  it  has  been 
swung  clear  of  its  butts, 
and  permits  it  to  swing  entirely  around  so  that  both  sides 
may  be  cleaned  easily.  Various  other  firms, t  also,  make  several 
types  of  adjusters.  Fig.  715  shows  the  "Holdfast"  casement-win- 
dow sash -adjuster,  and  Fig.  716  shows  the  "Bull-Dog"  type  of  the 
same  specialty. 

An  automatic,  spring,  sash-center  is  made  which  the  manufac- 
turers II  claim  will  hold  any  sash  in  any  desired  position.  The  cen- 
ters are  made  in  different  sizes,  adapted  to  the  smallest  or  the 
largest  plate-glass  windows  and  for  either  vertical  or  horizontal 
swing.     (See,  also.  Art.  147,  Chapter  III.) 

435.  INSIDE-SHUTTER  HARDWARE.  The  usual  trim- 
mings for  inside  shutters  are  the  hinges,  shutter-bar  and  knob.     The 

•  Manufacturtd  by  The  Oscar  C.  Biion   Company,  Chicago.   III. 
t  Manufaclured    by    The   Casement   Hardware   Company,   Chicaeo,    HI. 
J  The    Ruiselt   &   Erwm   Manufacturing   Company,   New   Britain,    Conn.,   ind   P.  tt  F. 
Corbin,  New  Britain,   Conn. 

Q  Manufactured  by  The  Mitbigan  Engine  Valve  Company,  Delroit,  Mich. 
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outer  or  hanging  fold  may  be  hung  with  narrow  blind-butts,  2  by 
lYi  inches,  similar  to  the  one  in  Fig.  677,  but  usually  with  three 
screws  to  a  side,  and  five  knuckles.     If  it  is  necessary  to  throw  the 

!Uat'4UIE) 
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716.     Bull-Oog  Can 


shutters  out  to  clear  the  finish,  "parliament  butts,"  Fig,  717,  should 
be  used.     These  come  in  widths  of  2j^,  3,  ^Yi  and  4  inches.     For 
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hanging  the  folds  to  each  other,   ij^  or  iJ/^-inch  surface-hinges, 
similar  to  that  shown  in  Fig.  718,  are  generally  used. 
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When  the  shutters  are  divided  into  six  folds,  three  to  a  side,  the 
second  fold  should  be  hung  with  "three-fold  shutter-flaps"  (Fig. 
719),  applied  to  the  inside  face  of  the  shutters,  as  shown  in  Fig.  449. 

The  usual  method  of  fastening  shutters  at  the  center  is  by  shut- 
ter-bars of  the  general  ppttem  shown  in  Fig.  720.  These  bars  are 
made  reversible  so  that  they  can  be  used  for  either  hand.  To  pull 
the  shutters  from  the  pocket,  a  small  knob  of  porcelain  or  bronze 
should  be  placed  on  the  outer  face  of  the  hanging  fold.  Special 
"shutter-knobs**  are  made  for  this  purpose,  in  diameters  of  %,  i 
and  1%  inches. 

436.  OUTSIDE-BLIND  HINGES.  The  kind  of  hinges  to  be 
used  with  outside  blinds  will  depend  to  some  extent  upon  how  the 
blind  is  hung  to  the  window-frame.  Throughout  many  of  the 
western  states  neither  outside  blinds  nor  inside  blinds  are  used. 

In  New  England  the  blinds  are  hung  generally  on  the  outside  of 
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A. 


Fig.  7ZU    Wrought-Steel  Blind-Hinge. 


the  casings,  and  the  hinges  consist  of  a  half-hinge  on  the  edge  of  the 
blind  and  a  hook  driven  into  the  face  of  the  casing.  Fig.  721* 
shows  the  more  common  type  of  such  hinges,  the  position  of  the 
parts  being  that  assumed  when  the  blind  is  thrown  open.  Two 
sizes  of  plates  are  made,  2  and  2j/^-inch,  the  latter  affording  a  more 
secure  attachment. 

If  there  is  a  molding  on  the  casing,  a  wider  hinge-plate  and 
longer  hook  must  be  used  to  throw  the  blind  beyond  the  molding; 
hinges  with  2  and  4-inch  *'throw"  are  made  for  this  purpose,  the 
hinge-plate  being  of  the  shape  shown  at  A,  The  hinge  with  a  4-inch 
throw  may  be  used  on  brick  buildings  with  a  4-inch  reveal  to  the 
windows.  These  hinges  are  very  simple  and  inexpensive,  and  since 
they  are  made  of  steel  will  not  break. 

*  Manufactured  by  The  Stanley  Works,  New   Britain,  Conn. 
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Fig.  722*  shows  a  style  of  wrought-steel  hinge  much  used  in 
New  York  City,  where  blinds  usually  are  set  flush  with  the  outside 
casing.    The  angle-plate  is  screwed  to  the  outside  face  of  the  blind 


(^ 


Fig.  722.    Wrought  Blind-Hinge.     New  York  Style. 

and  serves  to  strengthen  the  latter  as  well  as  to  give  a  firm  attach- 
ment. The  bend  near  the  eye  is  to  give  a  throw  to  the  hinge.  A 
similar  hinge  with  a  4-inch  throw  is  made  for  windows  in  brick 
buildings. 

An  objection  that  may  be  offered  to  all  of  these  hinges  is  that 
the  blind  swings  readily  on  them  in  any  position,  and  a  catch  is  re- 
quired to  hold  them  open 
House  I      BUND.  ^"^     another     to    secure 

them  when  closed.  The 
more  recent  improvements 
in  blind-hinges,  therefore, 
are  in  the  way  of  "hold- 
back" or  "gravity"-hinges, 
as  they  are  called,  which 
lock  the  blind  when  it  is 
thrown  open,  and  prevent 
its  slamming.  There  are 
several  patterns  of  these 
gravity-hinges  in  use,  par- 
ticularly in  the  western  states,  and  as  a  rule  they  have  proved  very 
satisfactory.  Probably  the  simplest  pattern  is  that  shown  in  Fig. 
723.*     It  is  forged  from  steel  plates  and  hence  is  non-breakable 

•  Manufactured  by  The  Stanley  Works,  New  Britain,  Conn, 


Fig.  723.     Stanley  Gravity  Blind-Hinge. 
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and  very  inexpensive.  When  the  blind  is  thrown  back,  the  hook 
A  engages  in  the  hole  H,  and  securely  locks  the  blind.  To  close 
the  blind  it  is  lifted  bodily  until  the  hook  clears  the  hole,  when 
it  is  readily  swung  to.  The  hook  B  prevents  the  blind  from 
being  raised  entirely  from  the  hinge,  and  the  two  parts  can  be  sep- 
arated only  when  the  blind  is  exactly  at  right-angles  with  the  house. 
The  top  and  bottom  hinges  are  exactly  alike,  and  can  be  used  either 
as  right  or  left-hand  hinges. 

All  other  gravity-hinges  with 
which  the  author  is  acquainted  are 
made  of  malleable  iron.  Fig.  724 
shows  a  hinge  of  this  type.  One 
object  of  its  makers  was  to  obtain 
a  hinge  that  would  not  project  into 
the  window -opening  when  the  blind 
is  thrown  back,  so  that  the  entire 
opening  between  the  architrave  or 
casing  might  be  left  clear  for  storm- 
windows.  A  good  feature  of  this 
hinge  is  that  the  screw-holes  are 
well  back  from  the  edge  of  the 
casing. 

Both    of    these    types     of     gravity-  Fig.  734.     "Id»al"  Bl[nd-Hinge. 

hinges   are   made    for   blinds    hung 

flush  with  the  outside  casings  or  architraves,  as  in  Fig.  155,  Chapter 
III,  and  throw  the  blind  only  about  ^  of  an  inch  away  from  the 
house.  Several  forms  of  malleable-iron  gravity  blind-hinges,  de- 
signed for  brick  buildings,  are  used  in  the  western  states.  Of  the 
latter  the  "Clark"  *  and  the  "Shepard"  *  give,  perhaps,  as  good  satis- 
faction as  any.  This  firm  makes  several  types  of  blind-hinges  for 
use  with  wood  or  masonry. 

437.  OUTSIDE-BLIND  AWNING-HINGES.  Two  or  threa 
types  of  blind-hinges  have  been  patented  which  permit  the  blinds 
to  be  thrown  out  at  the  bottom  like  an  awning,  as  well  as  to  open 
and  close  in  the  ordinary  way.  ■  One  type,  the  "automatic  blind- 
awning  fixture,"  has  been  very  extremely  used  about  Boston,  and 
seldom  fails  to  give  satisfaction.  The  fixtures  are  sold  with  side- 
bars to  hold  the  bottom  of  the  blind  away  from  the  building,  and 
also  with  a  device  for  fastening  the  blinds  together.  It  permits 
the  blinds  to  be  used  either  way,  and  is  very  simple  in  operation. 

438.  OUTSIDE-BLIND  FASTS.  When  gravity-hinges  are 
used,  the  only   fastening  required  is  a  catch  to  secure  the  blind 

•  ManufKtured  bjr  The  WrighUvilk   Hardware    Company-  WrigliUville,  Pa. 
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when  closed  Fig.  725  shows  the  catch  sold  with  the  hinge,  Fig. 
723,  which,  although  very  simple,  works  well.  The  catch  is 
screwed  to  the  inside  of  the  bottom  rail  of  the  blind ;  when  the  blind 


Fig.  725.     Catch  for  Gravity  Blind-Hinge. 


Fig.  726.     Stanley    Improved 
Blind-Catch. 


is  closed,  the  plate  A,  Fig.  723,  catches  automatically  over  a  staple 
driven  into  the  sill.  Fig.  726  shows  an  improved  catch  made  by  the 
same  firm.*  It  works  on  the  same  principle  but  cannot  be  as  easily 
opened  from  the  outside.  There  are  several  other  catches  very  sim- 
ilar to  these. 

For  blinds  hung  with  hinges  similar  to  those  shown  in  Figs.  721 
and  722,  it  is  necessary  to  use  a  catch  that  will  secure  the  blind 
either  when  open  or  when  closed.     Most  of  the  catches  for  securing 
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Fig.   727,     Stanley  Wire  Blind-Fast. 


the  blind  in  both  positions  are  made  to  go  underneath  the  blind; 
there  are  a  great  many  patterns,  but  as  a  rule,  the  simplest  catch  is 
the  most  satisfactory.  The  catch  shown  in  Fig.  727  *  is  very  much 
used  in  New  England,  and  gives  general  satisfaction.  The  end  of 
the  wire  is  screwed  into  the  bottom  of  the  blind,  and  the  staple,  S,  is 
also  driven  into  the  blind.  The  hook,  H,  is  driven  into  the  win- 
dow-sill and  engages  the  fast  when  the  blind  is  closed.     The  back 

*  Manufactured  by  The  Stanley  Works,  New  Britain,  Conn. 
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catch  is  driven  into  the  wall  to  engage  the  fast  when  the  blind  is 
thrown  back. 

Underneath  catches  can,  of  course,  be  used  only  when  there  is  a 
space  of  at  least  ^  of  an  inch  between  the  blind  and  the  sill.  If 
the  blind  fits  into  a  rebate  in  the  sill,  as  in  Fig.  155,  a  mortise  blind- 
fast,  or  one  made  to  screw  through  the  blind,  must  be  used. 

To  close  a  blind  hung  with  the  ordinary  gravity  or  hold-back- 
hinge,  or  with  a  simple  hinge  and  back-catch,  it  is  necessary  to 
reach  far  out  of  the  window  to  raise  the  blind  bodily  or  to  release 
the  catch.     To  overcome  this  difficulty,  several  devices  have  been 
patented  which  operate  either  from  the  hanging-stile  of  the  blind 
or  from  the  sill,  and  are  intended  to  secure  the  blind  whether  open 
or  shut;  others  adjust  the  blind  to  any  position  and  hold  it  there, 
while  still  others  are  designed  to  oper- 
ate the  blinds  without  opening  the  win- 
dow.    Very  few  of  the  devices  of  the 
first  and  second  class  appear  to  be  used 
to  any  extent,  but  a  practical   device 
that  will  open  or  close  the  blind  and 
lock   it   securely   without  opening  the 
window,   IS  certamly  a  very  desirable  tetWorker. 

equipment  for  residences.     Several  de- 
vices that  accomplish  this  purpose  have  been  patented,  but  the  au- 
thor knows  of  none  that  has 
^^  proved   a   practical   success. 

Fig.  728  *  shows  a  type  of 
shutter- worker  operated 
from  the  inside. 

4^9-  STORM-SASH 
HARDWARE.  In  many 
of  the  northernmost  states 
it  is  a  general  custom  to 
place  a  single  storm-sash  or 
outside  window  over  the 
whole  window-opening  to 
keep  out  the  cold  during  the 
winter  months.  In  many 
cases  the  storm-sash,  in  the 
autumn,  is  firmly  secured 
to  the  window-frames  by 
screws,  and  in  the  spring  is 


Fig.  739.    Moore  Storm-Sash  Fai 
taken  down  again.     The  use  of  screws,  however,  involves  consid- 

icluring  Ctni>P>"}'  ^"^  Britain,  Coan, 
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erable  labor  and  leaves  unsightly  holes  in  the  outside  casings. 
It  is  desirable,  therefore,  that  some  fastening  be  used  that  will  allow 
the  sash  to  be  put  up  quickly  and  easily,  and  that  will  not  have  a 

bad   appearance   when  on  the 
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FJR'  730.     Wilier  Storm-Sash  Fastener. 


house. 

The  simplest  fastening  that 
the  author  has  seen  is  the  one 
shown  in  Fig.  729,  *  which  is 
fastened  to  the  inside  of  the 
storm-sash;  the  hook  slips 
over  the  shank  of  a  round- 
headed,  blued  screw  placed  in 
the  edge  of  the  outside  casing 
or  blind-stop.  The  wedge- 
shape  of  the  hook  enables  the 
storm-sash  to  be  brought  tight 
against  the  casing,  and  also  fa- 
cilitates putting  up  and  removing  the  sash.  Two  of  these  fasten- 
ings should  be  used  on  each  side  of  the  sash. 

Fig.  730  shows  another  simple  device  for  fastening  storm-sashes 
or  outside  screens.  The  "button"  is  screwed  to  the  inside  face  of  the 
storm-sash,  and  when  turned  the  outer  end  fits  into  a  mortise  in  the 
edge  of  the  casing,  which  is  covered  with  a  brass  plate.  The  plate 
has  a  spring-lap  bent  into  the  mortise,  which  keeps  the  button  in 
position.  The  window  may  be  hung  at  one  side  with  loose-joint 
butts,  which  should  have  a  short  thick  pin,  fitting  rather  loosely; 
one  of  these  buttons  should  be  used  on  the  other  side,  or  two  but- 
tons may  be  used  on  each  side.  The  buttons  are  made  in  cast  iron, 
copper-finish  with  brass  plate,  and  in  bronze-metal  with  brass  plate, 
the  bronze  being  preferable.  Where  outside  screens  covering  the 
entire  window  are  used,  this  button  may  be  used  on  both  screen  and 
storm-sash,  as  the  buttons  are  adjusted  to  the  same  pocket-plates. 
"Schroeder's"  *  and  "Moore's"  *  are  two  types  of  wrought-steel 
hangers  and  fasteners  for  storm-sashes  or  window-screens.  Several 
forms  of  these  hangers  and  fasteners  are  made  in  japanned  or 
"Stanley  Sherardized"  *  anti-rust  finishes.  With  these  hangers 
storm-sashes  or  window-screens  can  be  quickly  and  easily  put  up  or 
taken  down  without  the  use  of  ladder  or  tools.  The  fastener,  which 
somewhat  resembles  a  casement- window  adjuster,  operates  either 
from  the  jamb  or  sill  and  permits  the  sash  to  be  swung  out  for 
cleaning  or  ventilation.  (See,  also,  Art.  142,  Chapter  III.) 
440.    CUPBOARD-DOOR    HARDWARE.    The    small    cup- 

•  Manufactured  by  The  Stanley  Works,  New  Britain,  Conn. 
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board-doors  of  pantries  are  usually  trimmed  with  narrow  fast-joint 
butts  of  the  pattern  shown  in  Figs.  677  and  678.  In  the  cheaper 
residences  iron  butts,  lacquered,  are  commonly  used,  but  brass  or 
bronze,  or  bronze-plated  butts  are  much  neater. 

Two  general  styles  of  fastenings  are  used,  namely,  the  "cupboard- 
catch"  and  the  "cupboard-turn."  The  principal  difference  between 
them  is  that  in  the  "catch"  the  latch  is  drawn  back  by  sliding  the 
knob,  while  the  latch  of  the  "turn"  is  drawn  back  by  turning  the 


Figi  731.     Flttflh  Cupboard-Catch.    Rim  Cupboard-Catch. 


rim,"  as  m 


knob.  Cupboard-catches  are  made  both  "flush"  and 
F^&«  73 1  >  but  the  "turn,"  shown  in  Fig.  732,  is  made  only  in  the  rim- 
pattern.  Several  ornamental  cupboard-turns  especially  suitable  for 
the  glass  doors  of  the  china-closet,  may  be  found  in  the  market. 
One  make*  of  catches  and  turns  is  made  with  both  the  common 
latch  and  an  anti-friction  latch.  Where  cupboard-doors  are  used  in 
pairs,  the  standing  leaf  is  secured  usually  by  an  elbow-catch  (Fig. 
733)  placed  on  the  back  of  the  door,  with  a  strike  fastened  to  a  shelf 
or  to  the  top  of  the  cupboard. 


Fig.  73a.     Cupboard 
Turn. 


Fig.  733.    Elbow-Catch. 


Fig.  734.    Lever-Catch. 


Fig,  734  shows  a  lever  cupboard-catch  that  works  rather  better 
than  the  surface-catch,  where  there  is  a  shelf  about  opposite  the 
middle  of  the  door. 

441.  DRAWER-PULLS.  These  are  made  in  a  variety  of 
shapes  and  sizes,  the  more  common  shape,  perhaps,  being  that  shown 
in  Fig.  735.  Fig.  736  shows  a  type  of  pull  with  a  plate  for  a  label, 
that  is  known  as  a  "druggist's  drawer-pull."  The  drawers  of  cab- 
inets and   furniture  are  commonly  trimmed  with  "drop-drawer^ 

*  Manufactured  by  The  Rusaell  &  Erwin  Manufacturing  Company,  New  Britain,  Coni^ 
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pulls/'  which  consist  of  a  drop-handle  attached  to  a  plate  that  is 
bolted  to  the  front  of  the  drawer.  They  are  made  in  a  variety  of 
patterns    and    usually    in    brass    or    bronze-metal.    The    common 


Fig.  736.     Druggist's    Drawer- 
Pull. 


Fig-  735-     Drawer-Pulls. 

drawer-pull  is  sold  more  largely  in  cast  or  wrought  iron,  lacquered 
or  bronze-plated,  although  it  may  be  obtained  in  solid  bronze. 

442.  CLOTHES-HOOKS.  For  clothes-hooks  there  is  nothing 
better  than  the  triple  cast-iron  clothes-hook,  japanned  finish,  except 

the  same-shaped  hook  in  brass  or  bronze. 
A  special  upright  hook  is  made  for  hats. 
It  should  be  remembered  that  any  iron 
hook  on  which  damp  clothes  or  cloths  are 
hung  will  rust  after  a  while,  hence  the 
hooks  in  bath-rooms,  toilet-rooms,  etc., 
should  be  of  bronze  or  brass.  The  jap- 
anned finish  for  iron  will  resist  rust  longer 
than  thie  other  finishes  except  the  Bower- 
Barff.  Hall-stand  hooks  in  cast  iron 
and  cast  bronze  are  made  by  several  hardware-manufacturers. 

443.  PRICES  OF  FINISHED  HARDWARE.  Unfortunately 
the  cost  of  finished  hardware,  like  nearly  everything  else  that  goes 
into  a  building,  must  generally  be  considered  by  the  architect  in 
preparing  his  specifications.  It  should  be  remembered,  however, 
that  the  cheapest  hardware  is  not,  as  a  rule,  the  most  economical, 
and  very  seldom  gives  satisfaction.  Extra  finishes,  of  course,  are 
merely  for  ornament,  but  the  difference  between  cast  iron  and 
bronze,  or  between  cast  iron  and  steel,  is  not  one  of  appearance  and 
expense  only,  but  of  toughness  and  durability,  and  often  means  a 
difference  in  the  wear  and  working  of  the  article.  Trimmings  of 
an  inferior  quality  should  be  avoided  as  far  as  possible,  and  as  a 
matter  of  fact,  the  saving  between  a  fairly  good  article  and  an  in- 
ferior one  amounts  to  a  very  small  sum  for  an  ordinary  residence. 

444.  PUTTING  ON  THE  HARDWARE  AND  SUPERIN- 
TENDING THE  WORK.  The  placing  of  hardware,  when  ap- 
plied to  woodwork,  should  always  be  included  in  the  carpenter's 
specifications. 

Hardware  trimmings  require  some  skill  and  much  care  in  apply- 
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ing  to  insure  their  working  properly,  or  at  least  as  well  as  their 
mechanism  will  permit;  and  as  a  rule,  the  better  the  hardware  the 
greater  the  care  required  in  placing  it.  The  first  hardware  to  be 
applied  is  usually  the  sash-pulleys  and  the  cords  and  weights.  The 
only  way  in  which  sashes  can  be  properly  balanced  is  by  weighing 
each  sash,  and  this,  although  tedious,  is  necessary  for  a  good  job. 
The  next  in  order  are  the  butts  and  mortise-locks.  The  putting  on 
of  the  butts  is  apparently  a  simple  matter,  but  it  requires  consider- 
able care  to  place  them  so  that  the  weight  of  the  door  will  be  borne 
evenly  by  each  butt  (see,  also.  Art.  348),  and  the  door  hang  per- 
fectly true.  If  one  butt  is  set  further  out  than  the  other,  the  door 
will  not  remain  in  its  position  when  opened,  but  will  swing  either 
back  into  the  jamb  or  around  against  the  wall.  The  mortise  for 
locks  should  be  cut  of  the  exact  size  for  the  front,  and  in  such  a 
way  that  the  case  will  not  bind  in  the  door.  The  usual  height  for 
locks  is  from  2  feet  10  inches  to  3  feet  from  the  floor  to  the  center 
of  the  hub.  Sometimes  it  is  necessary  to  vary  this  distance  because 
of  the  arrangement  of  the  panels  in  the  door. 

The  other  trimmings  should  not  be  applied  until  the  woodwork 
is  finished,  painted  or  varnished;  if  put  on  before  the  painters  or 
finishers  are  through,  the  exposed  parts  are  quite  sure  to  be  daubed 
with  paint  or  varnish,  which  cannot  usually  be  removed  without 
injury  to  the  hardware.  '  In  putting  on  the  escutcheon-plates,  care 
must  be  taken  to  place  them  so  that  the  spindle  and  key-holes  will 
be  exactly  opposite  each  other;  otherwise  the  spindle  and  key  will 
bind  in  the  lock.  The  knobs  should  be  carefully  adjusted  also,  so 
that  they  will  not  slip  back  and  forth  through  the  lock.  Swivel- 
spindles  require  particular  care  in  adjusting,  for  if  the  swivel  does 
not  come  exactly  at  the  center  of  the  lock,  the  knobs  will  not  work 
properly.  In  putting  on  the  striking-plate  for  the  lock,  carpenters 
sometimes  place  it  either  a  little  too  high  or  a  little  too  low,  so  that 
the  bolts  or  latch  will  not  enter  the  holes  provided  for  them.  As 
the  partitions  are  apt  to  settle  more  or  less,  the  striking-plates 
should  be  set  so  that  the  centers  of  the  holes  will  be  opposite  the 
centers  of  the  bolt  and  latch,  and  thus  afford  a  little  play  for  set- 
tlement. Sash-fasts  are  also  often  carelessly  set,  so  that  they  will 
not  lock  easily,  or  will  not  draw  the  sashes  closely  together. 

All  finishing-hardware  is  now  packed  with  screws  finished  to 
match.  These  screws  are  often  rather  small  for  the  work  required 
of  them,  and  their  holding-power  is  often  still  further  diminished 
by  the  carpenter  driving  them  in  with  a  hammer.  This  should  not 
be  permitted;  every  screw  should  be  turned  in  its  full  length 
with  a  screw-driver,  so  that  the  head  will  fit  neatly  into  the  screw- 
hole. 
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If  the  specifications  are  written  according  to  the  second  method, 
described  in  the  next  article,  the  superintendence  will  consist  princi- 
pally in  seeing  that  the  goods  furnished  are  of  the  kind  specified,  and 
that  they  are  properly  put  on. 

To  help  determine  the  first  point,  hardware  is  usually  stamped 
or  marked  so  that  the  architect  can  tell  the  make  at  a  glance,  but 
a  great  deal  of  hardware  can  only  be  told,  except  by  experts,  by 
the  label  on  the  box  in  which  it  is  packed.  This  is  especially  true 
of  plated  goods  and  of  many  makes  of  locks.  It  is  very  difficult 
to  distinguish  some  plated  hardware  from  solid  bronze  by  merely 
lookiilg  at  it,  or  plated  cast  iron  from  plated  steel.  The  superin- 
tendent should  also  remember  that  there  are  many  imitations  of  the 
Bower-Barff  finish.  Plated  goods  can  be  distinguished  by  scratch- 
ing with  a  file  on  the  back,  but  it  is  not  so  easy  to  tell  plated  cast 
iron  from  plated  steel.  The  labels  on  the  boxes,  however,  will  be, 
usually,  a  sufficient  guide.  Many  manufacturers  of  tumbler-locks 
make  several  grades  which  cannot  easily  be  distinguished  from  each 
other,  except  by  examining  the  inside  parts,  so  that  for  these  the 
maker's  name  on  a  lock  cannot  always  be  taken  as  an  indication 
of  the  quality.  Unfortunately  most  builders  do  not  appreciate  the 
importance  of  good  hardware,  and  are  apt  to  try  to  substitute  in- 
ferior articles. 

When  the  doors  are  about  to  be  hung,  the  superintendent  should 
examine  the  doors,  finish  and  specifications,  to  see  that  butts  of 
proper  size  to  enable  the  door  to  swing  back  (see,  also,  Art.  351), 
have  been  specified,  and  that  the  butts  are  of  proper  size  for  the 
weight  and  thickness  of  the  door.  If  these  points  have  been  over- 
looked, they  should  be  corrected  before  the  butts  are  put  on,  even 
if  a  small  "extra'*  is  incurred.  Finally  every  door  and  window 
should  be  tried  to  see  that  it  locks  and  swings  perfectly,  and  that 
the  sashes  are  properly  balanced. 

If  the  specifications  make  an  allowance  for  certain  pieces  of 
hardware,  the  selection  should  be  made  by  the  architect  or  owner, 
preferably  both  together,  and  it  is  important  that  the  architect  shall 
have  a  pretty  good  idea  of  the  actual  cost  of  hardware;  otherwise 
he  may  be  imposed  upon. 

445.  HARDWARE-SPECIFICATIONS.  When  artistic  hard- 
ware of  a  high  grade  is  to  be  used,  especially  for  large  buildings,  it 
is  best  not  to  include  the  hardware  trimmings  in  the  general  con- 
tract, but  to  buy  them  direct  from  the  manufacturers  or  dealers,  se- 
lecting from  samples.  In  this  way  the  owper  gets  just  what  he 
wishes  and  with  the  least  bother.  In  such  case  the  carpenter's 
specifications  should  provide  for  putting  on  the  hardware. 

When  it  is  not  practicable  to  separate  the  hardware  trimmings 
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from  the  general  contract,  one  of  two  methods  may  be  used  for 
specifying  them. 

The  first,  and  the  one  that  has  been  largely  followed  by  architects, 
IS  to  specify  that  the  builder  shall  allow  a  certain  amount  of  money 
for  the  door  and  window-trimmings,  exclusive  of  the  cost  of  put- 
ting on,  the  architect  or  owner  to  have  the  privilege  of  selecting 
and  ordering  the  hardware  wherever  he  may  choose,  the  bill,  up  to 
the  amount  of  the  allowance,  to  be  paid  by  the  builder..  This  en- 
ables the  architect  to  put  off  selecting  the  hardware  until  the  build- 
ing is  nearly  ready  for  it,  and  gives  the  owner  a  chance  to  select 
the  style  of  hardware  he  prefers.  The  allowance  is  sometimes  made 
in  a  lump  sum,  and  sometimes  so  much  per  door  and  window.  The 
only  objection  to  an  allowance  is  that  the  architect,  to  be  on  the  safe 
side,  generally  makes  the  allowance  a  little  more  than  the  hardware 
which  he  would  specify  would  actually  cost  the  builder,  so  that  the 
owner  usually  pays  a  little  more  for  his  hardware  by  this  method 
than  he  would  by  the  other.  Then,  also,  some  architects  think  the 
trouble  of  selecting  the  hardware  is  often  greater  than  that  of  de- 
scribing the  goods  to  be  used. 

The  amount  of  the  allowance  will,  of  course,  depend  upon  the 
class  of  goods  to  be  used,  and  the  number  of  the  doors  and  windows. 
In  making  up  his  estimate,  the  architect  must  be  glided  by  his  ex- 
perience and  judgment.  For  both  plain  and  ornamental  hardware, 
prices  should  be  obtained  from  a  local  dealer. 

A  form  of  specification  by  this  method  will  be  found  in  Chap- 
ter VIII.     (See,  also,  Arts.  446  and  447.) 

The  second  method  of  specifying  the  hardware,  and  in  the  opin- 
ion of  the  author  the  best  method,  is  to  describe  exactly  what  is 
wanted,  and  in  the  case  of  special  styles  or  patterns  to  give  the 
number  of  the  piece  in  the  manufacturer's  catalogue,  with  the  ma- 
terial and  finish  properly  indicated.  Locks  should  always  be  speci- 
fied by  name  and  number,  as  most  manufacturers  make  several 
grades.  This  method  requires  a  little  more  knowledge  of  the  sub- 
ject than  the  other,  but  except  where  elaborate  trimmings  are  to  be 
used  it  generally  gives  the  most  satisfaction;  and,  when  the  hard- 
ware can  be  specified  in  sets,  troubles  one  much  less  than  going  to 
a  store  and  picking  out  his  requirements  would  do.  By  this  method 
the  architect  does  not  have  to  deal  directly  with  the  matter  of 
cost,  but  has  only  to  write  his  specifications  so  as  to  include  all  the 
hardware  required  and  describe  it  clearly,  and  then  see  as  the  build- 
ing progresses  that  it  is  furnished  according  to  the  specifications. 
A  typical  specification  of  this  kind  is  also  given  in  Chapter  VIII. 
(See,  also,  Arts.  446  and  447.) 

446.    DIFFERENT  METHODS  OF  SPECIFYING  HARD- 
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WARE.*  "Formerly,  when  hardware  involved  no  element  of 
taste,  still  less  of  art,  and  was  purely  mechanical,  its  selection  could 
safely  be  left  to  the  contractor  or  builder,  and  specifications  usually 
covered  little  more  than  a  mere  statement  that  the  necessary  hard- 
ware should  be  furnished  and  should  be  of  good  quality.  The 
revolution  accomplished  in  recent  years,  however,  in  the  designing 
and  making  of  builders'  hardware,  which  has  elevated  it  to  an  im- 
portant place  in  the  field  of  decorative  art,  and  simultaneously 
created  new  and  higher  mechanical  grades,  has  radically  changed 
the  requirements  in  specifications  relating  to  this  subject. 

"Unfortunately  the  scope  and  significance  of  this  change  are  as 
yet  not  generally  realized,  and  many  hardware-specifications  are 
still  drawn  on  the  old  lines,  with  the  effect  that  the  desired  result 
is  not  realized.  Doubtless  this  is  chiefly  due  to  want  of  technical 
information  on  the  subject,  and  the  purpose  of  what  follows,  com- 
bined with  the  information  contained  elsewhere  in  this  volume 
["Locks  and  Hardware"],  is  to  supply  that  want.  //  the  informa- 
tion and  suggestions  herein  contained  are  made  use  of,  the  architect 
will  save  himself  much  annoyance  and  disappointment,  the  con- 
tractor and  builder  will  he  enabled  to  estimate  intelligently,  and  the 
client  or  owner  ivill  obtain  what  he  desires  and  what  he  pays  for. 

"The  segregation  of  the  'hardware  of  ornament'  from  the  'hard- 
ware of  construction'  has  given  rise  to  several  distinct  methods  of 
specification,  which  will  be  explained  and  discussed  below.  Each 
of  them  presupposes  that  the  'hardware  of  construction,'  such  as 
nails,  screws,  sash-pulleys,  chains,  weights,  etc.,  and  also  usually 
sliding-door  hangers  and  rails,  are  all  covered  by  the  general  speci- 
fications, and  that  only  'finishing-hardware,'  that  is,  the  'hardware 
of  ornament,'  inclusive  of  locks  and  fastenings,  is  covered  by  the 
separate  hardware-specifications. 

"The  several  plans  most  commonly  followed  are  as  follows: 

"Plan  I.  Hardware  Reserved.  Under  this  plan  the  finishing-hardware  is 
omitted  from  the  general  specifications,  and  reserved  for  selection  by  the 
architect  or  owner,  under  stipulation  that  it  shall  be  supplied  at  the  times 
and  in  the  quantities  needed  by  the  contractor,  and  that  the  latter  shall 
properly  fit  and  apply  it.  Where  this  plan  is  adopted,  Form  i  [See  Art  447] 
should  be  introduced  into  the  general  contract. 

*'Plan  2.  Hardware  Specified  De/initely.  Under  this  plan  the  finishing- 
hardware  is  included  in  the  general  specifications,  but  on  the  basis  of  a  care- 
ful selection  in  advance  by  the  architect  or  owner,  and  of  a  description  more 
or  less  detailed,  based  on  such  selection,  contained  in  the  general  specifica- 
tions.   Where  this  plan  is  adopted  Form  2  [See  Art.  447]  should  be  intro- 

*  Articles  446  and  447  are  taken  from  "Locks  and  Hardware,"  by  permission  of  the 
author,  Henry  R.  Towne,  President  of  The  Yale  &  Towne  Manufacturing  Company, 
New  York  City. 
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duced  into  the  general  contract.  Such  description  may  be  given  by  any  one 
of  the  following  methods,  viz: 

"Method  A.  By  name  of  maker  and  by  actual  catalogue-number,  or  other 
equivalent  exact  description.    See  Schedule  A.    [Art  447.] ;  or  by 

"Method  B.  By  general  description,  covering  sizes,  weights,  metals  and 
finishes,  but  omitting  makers'  name  and  list-numbers.  See  Schedule  B.  [Art 
447.] ;  or  by 

"Method  C.  By  reference  to  samples  on  file  with  the  architect  Sec 
Schedule  C,    [Art  447.] 

"By  either  of  these  methods  all  important  questions  concerning  the  finish- 
ing-hardware are  removed  from  the  field  of  controversy  among  rival  con- 
testants for  the  business,  but  without  implying  any  restriction  of  competition 
to  insure  the  purchase  of  the  selected  goods  at  the  lowest  market-price. 
Each  manufacturer  has  established  prices  for  his  products,  which  are  widely 
known  to  hardware-dealers,  and  competition  among  the  latter  can  safely 
be  relied  on  to  guard  against  any  attempt  to  charge  unfair  prices  for  the 
goods  covered  by  a  specification  of  this  kind. 

"Under  this  plan  the  architect  or  his  client,  or  both,  make  the  selection  of 
hardware,  deliberately  and  carefully,  as  its  importance  justifies,  precisely  as 
all  other  important  details  of  material  and  of  permanent  decoration  are 
necessarily  determined  in  advance;  whereas,  when  the  selection  of  the  hard- 
ware is  deferred  it  is  apt  to  be  left  until  the  last  minute,  and  then  is  made 
under  pressure  and  without  due  opportunity  for  thorough  investigation  and 
study.  If  the  matter  is  thus  settled  in  advance,  the  architect  is  relieved 
from  the  annoyance  he  is  otherwise  inevitably  subjected  to  from  rival  dealers 
or  manufacturers,  each  importuning  him  for  attention,  and  also  from  all 
trouble  arising  from  differences  between  the  views  of  the  contractor  and 
those  of  the  architect  as  to  what  constitutes  'standard  hardware  of  approved 
design,'  as  is  liable  to  be  the  case  where  the  hardware  is  included  in  the 
general  contract  and  left  to  selection  or  purchase  by  the  contractor.  More- 
over, in  this  way  both  the  architect  and  contractor,  as  well  as  the  owner,  have 
definite  knowledge  in  advance,  of  the  cost  of  hardware,  and  can  include  this 
item  in  the  summary  of  total  cost  with  certainty  that  it  is  correct  and  final. 

"This  plan  has  been  adopted  during  recent  years  by  many  leading  archi- 
tects, and  with  steadily  increasing  favor.  The  fact  that  it  had  its  origin 
with  such  members  of  the  profession  and  is  now  used  by  them  to  the  ex- 
clusion of  other  plans  is  the  best  evidence  of  its  intrinsic  merit.  Where 
it  is  adopted  the  specifications  for  hardware  should  follow  the  lines  sug- 
gested in  Form  2  and  Schedules  A,  B  or  C  [Art.  447],  according  to  which 
of  the  Methods  A,  B  or  C,  above  referred  to,  is  selected. 

"Plan  3.  Hardware  Covered  by  Fixed  Allowance.  Under  this  plan, 
finishing-hardware  is  included  in  the  general  specification,  as  under  Plan  2, 
but  on  a  different  basis,  which  consists  in  specifying  a  iixed  sum  to  be 
allowed  by  the  contractor  for  the  purchase  of  the  finishing-hardware,  the 
architect  or  owner  reserving  the  right  of  selection  within  this  limit,  and  of 
exceeding  it  on  condition  of  paying  the  excess-cost 

"This  plan  is  distinctly  inferior  to  either  of  the  two  preceding,  and  has 
little  to  commend  it  except  where  conditions  preclude  the  definite  selection 
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of  hardware  at  the  time  and  under  the  conditions  which  are  essential  to  the 
best  result.  It  may  be  easier,  at  the  moment,  simply  to  say  that  so  many 
dollars  shall  be  allowed  for  hardware  than  to  select  or  specify  it,  but  sooner 
or  later  it  must  be  selected,  and  the  selection  will  usually  be  made  with 
greater  care  and  discrimination  if  done  in  advance  than  if  done  under  the 
pressure  which  nearly  always  exists  as  the  work  of  building  approaches 
completion.  Moreover,  as  much,  if  not  all,  of  the  finishing-hardware  usually 
has  to  be  made  to  order,  its  quality  will  be  distinctly  better  if  ample  time 
be  given  in  which  to  produce  it,  than  if  it  is  made  in  haste  because,  for  any 
reason,  it  has  not  been  ordered  until  nearly  or  quite  the  time  when  it  is 
wanted.  Delay  in  ordering  is  also  liable  to  result  in  delay  in  delivery,  and 
this  in  turn  may  interfere  with  the  finishing  of  cabinet-work  and  so  retard 
the  completion  of  the  entire  building.  On  all  grounds  it  is  better  that  the 
selection  of  the  hardware  should  be  made  at  an  early  date. 

"If,  however,  circumstances  compel  resort  to  the  method  of  a  'fixed 
allowance'  its  objections  will  be  diminished  by  the  architect  or  owner  mak- 
ing a  preliminary  selection  of  designs  and  finishes,  and  then  obtaining  from 
the  manufacturer  or  dealer  a  preliminary  estimate,  based  on  a  schedule  of 
quantities  compiled  from  the  architect's  plans,  which  estimate,  while  not 
final,  will  at  least  approximately  indicate  the  allowance  which  reasonably 
should  be  made  for  the  finishing-hardware.  While  the  kinds  and  quantities 
of  hardware  finally  selected  may  not  conform  exactly  to  this  preliminary 
estimate,  the  latter  constitutes  a  safer  basis  for  the  'fixed  allowance'  than 
any  sum  arrived  at  by  arbitrary  determination  or  guess-work. 

"Where  this  plan  is  adopted  Form  3  [see  Art.  447]  may  be  followed  in 
framing  the  specification  for  hardware. 

"Plan  4.  Hardware  Covered  by  Allowance  Per  Opening.  Under  this 
plan,  commonly  known  as  the  'Boston  plan,'  as  under  Plan  3,  the  finishing- 
hardware  is  included  in  the  general  specification,  but  on  a  basis  which  con- 
sists in  specifying  a  fixed  sum  per  opening  to  be  allowed  by  the  contractor 
for  the  purchase  of  finishing-hardware,  and  in  leaving  to  the  contractor 
the  selection  of  hardware  within  the  limits  of  price  thus  indicated. 

"Where  used  in  the  above  form  this  plan  is  the  crudest  and  most  unsat- 
isfactory of  any  in  use.  Formerly  it  was  much  in  vogue  in  Boston,  but 
fortunately  it  is  now  decreasing  in  use  there  and  is  nearly  obsolete  else- 
where. By  leaving  the  selection  of  finishing-hardware  to  the  contractor 
it  opens  the  door  to  endless  controversies,  and  rarely  produces  results  which 
are  satisfactory  either  to  the  architect  or  his  client.  In  principle  it  is  as 
illogical  as  to  specify  a  price  at  which  the  contractor  is  to  furnish  the  com- 
pleted building,  leaving  all  details  of  its  construction  and  finish  to  his 
decision.  The  plan  is  unfair  to  the  contractor  as  well  as  to  the  owner,  and 
is  so  unsuitable  for  its  purpose  that  no  suggestion  is  offered  as  to  the  form 
of  specification  required  where  it  is  adopted. 

"Where,  however,  under  this  plan  the  right  of  selection  is  reserved  to  the 
architect  or  owner,  within  the  limit  of  a  stated  cost  per  opening,  this  plan 
becomes  equivalent  to  Plan  3,  with  the  allowance  for  hardware  stated  'by 
opening*  instead  or  'in  lump.'  In  most  cases  it  is  better  to  state  the  allow- 
ance in  lump  rather  than  by  opening,  as  in  this  way  greater  flexibility  is 
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afforded  for  the  exercise  of  taste  or  judgment  by  the  architect  or  owner  in 
the  selection  of  the  finishing-hardware  when  finally  made." 

In  Art.  447,  immediately  following,  will  be  found  "Forms  of  Specifica- 
tions" suitable  for  use  under  each  of  the  "Plans"  above  described. 

447.  FORMS  OF  SPECIFICATIONS  *  The  precedmg  arti- 
cle contains  the  several  methods  of  specifying  hardware  which  are 
most  commonly  employed.  The  ''Standard  Forms  for  Specifica- 
tions" given  below  are  framed  in  harmony  with  the  statements  con- 
tained in  the  foregoing  discussion  of  this  subject,  and  cover  each 
of  the  several  Plans  therein  described. 

"Form  I.  For  Use  Where  Plan  i  is  Adopted.  Hardware  Reserved.  The 
Rough  Hardware,  such  as  nails,  screws,  sash-pulleys,  sash-chains  (or  sash- 
cord),  sash- weights,  anchors,  screw-bolts,  sliding-door  hangers,  etc.,  shall 
be  furnished  by  the  contractor,  and  at  his  own  cost,  as  specified  in  connection 
with  the  carpenters'  work  or  otherwise;  all  of  which  shall  be  of  standard 
quality  approved  by  the  architect. 

"The  Finishing-Hardware,  including  butts,  locks  and  their  trim,  and  other 
fastenings  and  metalwork  for  doors,  windows,  closets  and  cabinets,  will 
be  furnished  by  the  owner,  delivered  at  the  building  in  the  quantities  and  at 
the  times  reasonably  needed  by  the  contractor;  the  contractor  to  be  respon- 
sible therefor  after  delivery  and  until  completion  of  the  building.  All 
finishing-hardware  is  to  be  properly  fitted  and  applied  in  place  by  the  con- 
tractor, under  the  direction  and  to  the  satisfaction  of  the  architect.  Door- 
knobs after  being  fitted  in  place,  are  to  be  kept  covered  with  cloth  until 
the  building  is  completed,  to  protect  them  from  injury  by  handling,  and  all 
keys  are  to  be  cared  for  by  the  contractor  until  the  building  is  completed  and 
then  to  be  delivered  to  the  owner,  either  in  their  locks  or  with  tags  attached 
to  indicate  where  they  belong. 

"The  contractor  shall  furnish  the  manufacturer  or  dealer  from  whom  the 
finishing-hardware  is  purchased  with  all  information  as  to  the  details  of 
woodwork  which  may  be  necessary  or  desirable  to  enable  the  party  furnish- 
ing the  finishing-hardware  to  understand  the  requirements  and  to  harmonize 
the  hardware  with  the  cabinet-work  to  such  extent  as  may  be  necessary 
and  feasible,  and,  where  interferences  are  discovered,  to  have  them  ad- 
justed before  the  hardware  is  applied. 

"Form  2,  For  Use  Where  Plan  2  is  Adopted.  Hardware  Specified 
Definitely.  The  Rough  Hardware,  such  as  nails,  screws,  sash-pulleys,  sash- 
chains  (or  sash-cord),  sash- weights,  anchors,  screw-bolts,  sliding-door 
hangers,  etc.,  shall  be  furnished  by  the  contractor,  and  at  his  own  cost;  as 
specified  in  connection  with  the  carpenters'  work  or  otherwice;  all  of  which 
shall  be  of  standard  quality  approved  by  the  architect. 

"The  Finishing-Hardware,  including  locks  and  their  trim,  butts,  door- 
bolts,  window  and  shutter- fastenings,  catches,  hooks,  etc.,  including  there- 
with knobs,  escutcheon-plates  and  other  metal  trim  for  doors,  windows, 
closets  and  cabinet-work,  together  with  all  necessary  screws  therefor,  shall 

*  Articles  446  and  447  are  taken  from  "Locks  and  Hardware,"  by  permission  of  the 
author,  Henry  R.  Towne,  President  of  The  Yale  &  Towne  Manufacturing  Company, 
New  York  City. 
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also  be  furnished  by  the  contractor  (for  the  woodwork?)  in  conformity 
with  Schedule  A  {or  B;  or  C)  attached  to  and  forming  part  of  this  specifi- 
cation, in  which  is  set  forth  the  character  of  the  finishing-hardware  to  be 
used  in  the  several  parts  of  the  building.  The  quantities  of  such  hardware 
required  will  be  ascertained  by  the  contractor  from  the  plans  and  specifica- 
tions, and  shall  be  such  as  to  provide  the  proper  fastenings  and  trim  for  all 
doors,  windows,  closets  and  cabinet-work,  in  conformity  with  the  intent  of 
the  plans  and  specifications. 

"The  contractor  shall  take  charge  of,  and  be  responsible  for,  such  hard- 
ware when  and  as  delivered  at  the  building  by  the  manufacturer  or  dealer 
by  whom  supplied.  At  the  proper  time  the  contractor,  in  a  suitable  and 
workmanlike  manner,  shall  fit  and  apply  the  hardware  in  place,  to  the  satis- 
faction of  the  architect  and  subject  to  his  approval,  being  responsible  for 
its  proper  care  and  protection  until  the  building  is  completed  and  is  accepted 
by  the  owner. 

"The  contractor  shall  furnish  the  manufacturer  or  dealer,  from  whom  the 
finishing-hardware  is  purchased,  with  all  information  as  to  the  details  of 
woodwork  which  may  be  necessary  or  desirable  to  enable  the  party  furnish- 
ing the  finishing-hardware  to  understand  the  requirements  and  to  harmonize 
the  hardware  with  the  cabinet-work  to  such  extent  as  may  be  necessary 
and  feasible,  or,  where  interferences  are  discovered,  to  have  them  adjusted 
before  the  hardware  is  made. 

"The  decision  of  the  architect  concerning  any  and  all  disputes  arising 
under  this  contract  relating  to  the  finishing-hardware,  or  its  application, 
shall  be  final  and  binding  upon  the  contractor. 

"Schedule  A.  For  use  with  Form  2.  The  finishing-hardware  required  in 
the  building  shall  conform  absolutely,  as  to  maker,  catalogue-number,  de- 
sign, size,  metal,  finish  and  quality,  to  the  following  specifications.  {Then 
should  follow  a  full  and  accurate  description  of  the  hardware  selected,  which 
may  be  specified  by  rooms,  by  opening,  by  'combination/  or  in  such  other 
way  as  nvill  best  meet  the  conditions  in  each'  case.  [An  example  of  this  type 
of  hardware-specification  will  be  found  in  Chapter  VIII,  under  "Hardware- 
Specifications."] 

"Schedule  B.  For  use  with  Form  2,  The  finishing-hardware  required  in 
the  building  shall  conform  absolutely  as  to  size,  metal,  finish  and  quality, 
and  as  to  design  where  indicated,  to  the  following  specifications.  (Then 
should  follow  a  full  and  accurate  description  of  the  hardware,  by  items, 
'combinations^  or  rooms,  the  important  details  of  each  article  being  so  fully 
specified  as  to  secure  the  desired  kind  and  quality  and  to  exclude  inferior 
and  cheaper  substitutes.    A  few  examples  are  given  below.) 

"Designs.  These  shall  be  subject  to  selection  or  approval  by  the  architect 
from  among  the  stock  patterns  of  manufacturers;  those  for  the  hardware 
for  entrance-doors  and  main  floors  to  be  of  the  best  grade,  and  those  for 
the  upper  floors  of  medium  grades.  The  hardware  for  all  service-parts  of 
house  to  be  of  plain  steel,  bronze-plated. 

"Metals  and  Finishes,  The  hardware  for  all  main  parts  of  the  house  to 
be  of  solid  cast  bronze  or  brass,  gold-plated  for  parlor  and  library,  silver- 
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plated  for  dining-room,  and  elsewhere  the  natural  color,  polished.  In  the 
service-parts  to  be  bronze-metal,  polished. 

"Butts,  All  butts  for  entrance,  room-doors  and  closet-doors,  except  when 
otherwise  specified,  shall  be  of  solid  bronze  (or  brass),  of  the  loose-pin 
five-knuckle  type,  with  ball  tips,  self -lubricating  double  steel  bushings  and 
'hold- fast'  pins,  and  of  such  thickness  that  a  pair  of  butts  of  each  size 
shall  weigh  not  less  than  as  follows,  other  sizes  to  weigh  proportionately,  viz : 

4  X4    -inch  butts,  2  lbs.  6  oz.  per  pair,  without  screws. 
45^X45^    "         "      3   lbs.  2   oz.      "      " 

5  X5        "  "4  lbs.  3  oz.      "      " 

6  X6       "         "      6  lbs.  6  oz.      "      " 

"Each  door  or  leaf  using  these  butts  shall  have  three  butts  for  doors  over 
7  feet  in  height,  and  two  butts  for  doors  7  feet  or  less  in  height.  The 
metal  and  finish  of  the  butts  shall  correspond  with  the  hardware  of  the 
room  in  which  the  knuckles  of  the  butts  are  exposed. 

'  "Bolts,    Door-bolts  where  needed  shall  have  a  *lever-action,'  shall  be  of 

length  to  afford  an  easy  reach,  and  shall  conform  in  metal  and  finish  to  the 

I  other  hardware. 

I  "Locks.    The  locks  for  all  entrance-doors  shall  be  of  the  cylinder-type, 

I  with  night-work,  %-inch  swivel-spindles  and  not  less  than  6  inches  in  height. 

Those  for  doors  on  main  floor  shall  be  not  less  than  4^  inches  in  height, 

I  with   two   bolts,   not    less   than   three  lever-tumblers,   solid-steel   keys,   and 

'standard'  easy-spring  action.  Those  for  bedroom  doors  shall  be  not  less 
than  5  inches  in  height,  with  three  bolts,  not  less  than  three  lever-tumblers, 
solid-steel  keys,  and  'standard'  easy-spring  action.  Those  for  all  service- 
portions  of  the  house  shall  be  not  less  than  3^^  inches  in  height  with  three 
lever- tumblers  and  solid-steel  keys.  Those  for  storeroom  and  wine-cellar 
shall  be  mortise  cylinder  night-latches.  (And  so  on  until  all  varieties  of 
locks  required  are  speciHed.) 

"Knobs.  Where  bronze  (or  brass)  knobs  are  called  for  they  shall  be  of 
solid  metal,  the  top  in  one  piece,  without  joint,  and  shall  be  provided  with 

I  a  device  of  established  repute,  approved  by  the  architect,  for  attaching  them 

securely  to  the  spindle  without  resort  to  any  screw-holes  in  the  latter.  The 
knob-shank  and  its  thimble  shall  be  of  the  'bracket-bearing'  type,  that  is, 
with  a  turned  bearing  supporting  the  knob  close  to  its  head. 

** Escutcheon-Plates,  These  shall  be  not  less  than  10  inches  long  for 
entrance-doors,  9  inches  for  doors  on  main  floor,  8  inches  for  bedroom  and 
closet-doors,  and  6  ifiches  for  doors  in  service-portion.    They  shall  be  of 

'  heavy  cast  metal,  with  bracket-bearings  for  knobs,  and  shall  match  other 

I  hardware  in  design,  metal  and  finish. 

1  "Sash-Fasts.    These    shall    be    of    burglar-proof    construction    and    shall 

operate  effectively  to  draw  the  two  sashes  together  and  to  force  them  ver- 
tically against  the  top  and  bottom  of  window-frame.  They  shall  be  of 
heavy  construction  and  shall  match  the  other  hardware  in  metal  and  finish. 

'  "Sash-Lifts.    These  shall  be  of  the  flush  type  in  all  main  portions  of  the 

house,  with  cup  not  less  than  2%  inches  long,  and,  in  the  service-portions, 
of  the  hook-type,  not  less  than  1%  inches  wide. 
"Transom-Rods,    These   shall  be   of  %6-inch    six^  in  tnain  portions  of 
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house  and  ^-inch  in  service-portion.  They  shall  have  an  automatic  grip, 
and  shall  be  of  length  to  bring  the  grip  within  5  feet  of  the  floor.  They 
shall  correspond  in  metal  and  finish  with  the  other  hardware  of  room  in 
which  used. 

"Door-Checks.  These,  where  called  for,  shall  be  of  the  liquid-type,  of 
real  bronze,  polished,  in  main  portions  of  house,  and  of  iron,  gold-bronzed, 
in  service-portions,  and  of  medium  or  large  size,  according  to  conditions. 

^'General.  All  other  hardware  required  shall  be  of  standard  quality  and 
sizes,  conforming  in  metal  and  finish  to  the  other  hardware  of  room  in 
which  used,  and  subject  to  selection  or  approval  by  the  architect. 

"Note.  The  foregoing  is  merely  an  outline,  is  suggestive  of  the  manner 
in  which  a  schedule  of  this  kind  should  be  compiled,  but  is  by  no  means 
complete.  The  proper  method  of  framing  such  a  schedule  is  to  select  care- 
fully a  complete  line  of  hardware,  made  by  one  or  several  manufacturers  and 
of  satisfactory  kind  and  quality,  and  then  to  write  a  description  of  each 
group  of  articles  which  shall  cover  all  of  the  important  features  but  omit 
makers'  names  and  numbers. 

"Schedule  C  For  use  with  Form  2.  The  finishing-hardware  required  in 
the  building  shall  conform  absolutely  as  to  maker,  catalogue-number,  design, 
size,  metal,  finish  and  quality,  to  the  samples  already  selected  and  now  on 
Hie  in  the  office  of  the  architect,  where  they  may  be  examined  by  the  con- 
tractor, and  where  he  can  obtain  full  information  as  to  the  doors^  windows, 
etc.,  on  which  each  article  shown  by  the  samples,  is  to  be  used.  These 
samples  will  remain  on  file  in  the  architect's  office  until  the  completion  of 
the  building,  and  shall  constitute  the  standard  to  which  all  finishing-hard- 
ware used  in  the  building  must  conform  in  every  respect  Upon  the  com- 
pletion of  the  building,  and  before  its  acceptance,  the  architect  will  cause 
an  inspection  to  be  made  to  ascertain  if  the  hardware  actually  used  conforms 
in  all  respects  to  the  samples  on  file,  and  also  if  it  has  been  properly  applied 
and  is  in  good  condition;  the  acceptance  of  the  hardware  to  be  conditioned 
on  a  satisfactory  result  of  this  inspection,  and  the  decision  of  the  architect 
to  be  final  and  binding  upon  the  contractor  as  to  all  questions  relating  to 
the  hardware  so  furnished. 

"The  contractor  will  be  furnished  with  full  plans  and  specifications  of 
the  building,  and  with  any  additional  information  needed  to  enable  him 
to  ascertain  the  quantities  of  hardware  of  each  kind  required  under  this 
specification  for  the  complete  equipment  of  the  building,  and  will  be  respon- 
sible for  the  furnishing  of  the  quantities  so  required. 

"Note.  This  method  implies  that  a  complete  selection  of  the  hardware 
be  made  in  advance,  and  that  arrangement  be  made  with  a  manufacturer  or 
dealer  whereby  the  official  set  of  samples  will  be  supplied  to  the  architect 
and  be  properly  tagged  for  convenient  use  and  reference.  When  so  sup- 
plied they  should  be  kept  together  under  lock  and  key  until  the  contract  is 
completed. 

"Form  3.  For  Use  Where  Plan  3  is  adopted.  Hardware  Covered  by 
Fixed  Allowance.  The  Rough  Hardware.  The  same  form  of  specification 
for  this  to  be  used  as  indicated  under  Form  2, 
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"The  Finishing-Hardware.  The  contractor  (for  the  cabinet-work?)  shall 
reserve  the  sum  of  $. . . .  to  be  expended,  under  the  direction  of  the  architect, 
for  the  finishing-hardware,  including  therein  all  locks  and  their  trim,  butts, 
door-bolts,  window  and  shutter- fastenings,  catches,  hooks,  etc.,  and  includ- 
ing therewith  knobs,  escutcheon-plates  and  other  metal  trim  for  doors, 
windows,  closets  and  cabinet-work,  together  with  all  necessary  screws 
therefor,  ih  such  quantites  as  may  properly  be  requred  for  the  complete 
equipment  of  the  building  in  accordance  with  the  intent  of  the  plans  and 
specifications,  and  to  the  satisfaction  of  the  architect.  The  contractor  shall 
fit  and  apply  in  place  all  of  said  finishing-hardware,  in  a  neat  and  workman- 
like manner,  to  the  satisfaction  of  the  architect  and  subject  to  his  approval, 
and  shall  be  responsible  for  its  proper  care  and  protection  until  the  building 
is  completed  and  accepted  by  the  owner. 

"All  of  the  finishing-hardware  so  required  shall  be  selected  or  approved 
by  the  architect,  and  no  such  hardware  shall  be  used,  save  by  the  consent 
in  writing  thereto  of  the  architect,  which  is  not  the  product  of  one  of  the 
following  manufacturers,  viz.:    A.  B.  &  Co.,  B.  C.  &  Co.,  or  C.  D.  &  Co. 

"The  finishing-hardware  shall  all  be  of  the  best  kind  and  quality  obtain- 
able within  the  limit  of  the  allowance  above  stated,  a  proportionate  deduction 
from  the  above  contract-price  to  be  made  if  the  actual  cost,  at  fair  market- 
prices  of  the  hardware  selected  and  finally  approved  by  the  architect  (with 
•10  per  cent  added  to  such  cost),  does  not  equal  the  above  stated  allowance; 
the  right  being  hereby  specifically  reserved  to  the  owner  of  selecting  and 
using  finishing-hardware  of  better  quality  or  higher  cost  than  herein  con- 
templated upon  condition  that,  in  such  case,  the  owner  shall  pay  to  the 
contractor  such  additional  amount  as,  with  the  sum  stated  above,  shall  equal 
the  actual  cost,  at  fair  market-prices,  of  the  finishing-hardware  so  selected, 
with  10  per  cent  added  to  such  cost  to  cover  the  contractor's  work  in  apply- 
ing the  hardware  The  contractor  shall  furnish  the  manufacturer  or  dealer, 
from  whom  the  finishing-hardware  is  purchased,  with  all  information  as  to 
the  details  of  woodwork  which  may  be  necessary  or  desirable  to  enable 
the  party  furnishing  the  finishing-hardware  to  understand  the  requirements 
and  to  harmonize  the  hardware  with  the  cabinet-work  to  such  extent  as 
may  be  necessary  and  feasible,  or,  where  interferences  are  discovered,  to 
have  them  adjusted  before  the  hardware  is  made." 
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Heavy  Wooden  Framing. 


I.    FLOOR-FRAMING  FOR  HEAVY   NON-FIRE-PROOF 

BUILDINGS. 

448.  FLOORS  FOR  LIGHT  AND  HEAVY  BUILDINGS 
COMPARED.  The  manner  in  which  wooden  floors  for  residences 
should  be  framed,  has  been  described  in  Chapter  II.  The  floors 
in  other  classes  of  buildings  are  often  framed  and  supported  in  the 
same  way.  The  floors  of  stores,  warehouses,  mills,  public  build- 
ings, etc.,  as  a  rule,  require  larger  timbers,  and  should  be  supported 
by  posts  and  girders  rather  than  by  partitions.  In  this  chapter  it 
is  the  purpose  of  the  author  to  describe  some  of  the  special  forms 
of  construction  frequently  required  in  buildings  other  than  dwell- 
ings, the  methods  of  framing  with  posts  and  girders  and  what  may 
be  designated  as  "heavy  framing." 

449.  BOWLED  FLOORS.  In  modern  Protestant  churches  it 
is  becoming  the  custom  to  pitch  the  floor  so  that  it  will  be  higher 
at  the  back  of  the  audience-room  than  in  front  of  the  pulpit.  For 
such  floors  the  pitch  should  not  exceed  J^  an  inch  to  the  foot, 
as  a  greater  inclination  is  unpleasant  to  walk  over.  If  the  seats 
are  arranged  in  straight  rows  the  floor  should  be  merely  an  in- 
clined plane  but  if  the  seats  are  set  on  a  circle  the  floor  should  be 
"bowled,"  so  that  any  line  drawn  on  the  floor  from  the  same  center 
that  is  used  in  laying  out  the  pews  will  be  level  from  end  to  end. 
Where  chairs  are  used  for  seating,  a  bowled  floor  is  not  absolutely 
necessary,  but  with  pews  it  is  quite  essential.  There  are  two  meth- 
ods of  forming  a  bowled  floor,  their  adoption  depending  principally 
upon  the  use  that  is  made  of  the  space  below. 

I,  First  Method.  If  there  is  a  finished  story  below  the  audi- 
ence-room, for  Sunday-school  or  similar  purposes,  it  is  generally 
necessary  to  frame  the  floor  for  a  straight  incline  and  then  form 
the  upper  or  bowled  surface  by  means  of  furring-strips  cut  out  of 
planks. 

If  the  girders  supporting  the  incline  run  the  same  way  as  the 
inclination  they  should  be  given  the  same  pitch  as  the  floor,  and  the 
joists  will  then  be  level  from  end  to  end.     If  the  girders  run  in 
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the  opposite  direction  then  they  will  be  level  endwise,  and  the  joists 
will  be  on  an  incline.  Whether  the  joists  or  girders  shall  be  in- 
clined depends  upon  the  plan  of  the  room,  the  openings  in  the  walls 
and  the  desired  spacing  of  the  columns.  In  arranging  the  girders 
it  should  be  remembered  that  it  is  better,  and  generally  more  eco- 
nomical, to  give  the  longer  spans  to  the  joists  and  to  Hmit  the  girder- 


spans  to  12  or  13  feet  for  wood  and  16  feet  for  steel.  The  greatest 
span  that  should  be  allowed  for  wooden  floor-joists  in  audience- 
rooms  may  be  found  from  the  tables  in  the  Appendix.  Joists  14 
inches  deep  should  be  not  less  than  zYi  inches  thick,  as  2-inch  joists 
are  apt  to  fail  by  buckling,  unless  bridged  every  4  or  5  feet  by  solid 
bridging,  and  such  bridging  will  usually  cost  more  than  the  extra 
thickness  in  the  joists.    The  furring-strips  to  form  the  bowled 
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surface  should  be  2  inches  thick,  and  may  be  either  run  across  the 
top  of  the  joists  or  spiked  on  top  of  them,  lengthwise.  When  the 
rise  exceeds  8  inches,  2  by  6- inch  joists  may  be  used  for  the  fur- 
ring, and  these  should  be  supported  from  the  main  floor- joists 
every  3  feet. 

2.*  Second  Method.  If  the  space  beneath  the  audience-rooms  is 
not  finished,  or  is  used  only  for  such  purposes  that  the  position 
of  the  piers  or  vertical  supports  is  not  of  consequence,  the  cheapest 
way  to  frame  the  floor  is  to  use  short  lengths  of  girders  and  set 
them  tangent  to  a  circle  struck  from  the  center  used  for  the  seating. 
By  placing  the  girders  at  the  proper  height  the  joists  may  be  set  on 
top  of  them  in  the  right  position  for  receiving  the  flooring,  and  no 
furring-strips  will  be  required.  Fig.  737  shows  a  floor  that  was 
framed  in  this  way.  A  little  fitting  of  the  joists  on  the  girders  is 
required,  but  the  labor  and  material  required  for  a  floor  framed 
in  this  way  is  not  more  than  20  per  cent  greater  than  for  a  level 
floor.  When  the  inclination  of  the  bowl  is  not  over  J4  an  inch 
to  the  foot  the  floor-boards  can  be  laid  in  straight  lines  across  the 
room  in  the  usual  way,  as  the  boards  will  spring  sufficiently  to  fit 
the  floor.  The  ends  of  the  boards  will  have  to  be  cut,  however, 
where  the  bowled  surface  terminates,  unless  the  bowling  is  very 
slight. 

a.    FRAMING  OF  GALLERIES. 

450.  GENERAL  CONSTRUCTION  OF  GALLERIES. 
Gallery-floors  in  churches  and  theaters  are  generally  supported  by 
the  walls  of  the  building  at  the  outer  ends,  and  by  columns  and 
girders  at  the  inner  ends.  The  floor  is  generally  stepped  for  each 
row  of  seats  and  the  front  of  the  gallery  usually  projects  3  feet 
or  more  beyond  the  face  of  the  girders. 

451.  THEATER-GALLERIES.  STEEL  CONSTRUCTION. 
The  proper  planning  of  the  galleries  in  a  theater  or  opera-house  is 
a  matter  that  requires  considerable  study,  but  as  the  author  pur- 
poses to  treat  only  of  the  framing,  he  would  refer  the  reader  to 
Mr.  William  H.  Birkmire's  book  "The  Planning  and  Construction 
of  American  Theatres"  *  for  methods  of  laying  out  the  inclination 
of  the  galleries  in  such  buildings. 

In  the  better  class  of  theaters  the  construction  of  the  balcony  and 
galleries  is  usually  entirely  of  steel.  The  following  examples  of 
gallery-construction,  taken  from  Mr.  Birkmire's  book,  will  serve  to 
illustrate  the  usual  method  of  framing.     Fig.  738  shows  the  Qon- 

•  PubUshed  by  John  Wiley  &  Sons,  New  York  City, 
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struction  of  the  balconies   in  Abbey's  Theater,   New  York  City, 
Messrs.  J.  B.  McElfatrick  &  Son,  architects. 

"For  the  support  of  the  steppings  in  this  theater  there  are  8-inch 
steel  channels  extending  from  a  line  of  12-inch-beani  girders  be- 
tween the  back  columns  to  the  inner-circle  lattice  girders,  and  pro- 
jecting nearly'  10  feet  beyond  the  girders.     The  channels  are  placed 


Fig.  738.     Gallery-Stepping  of  Abbey's  Theater,  New  York  City. 

about  2  feet  6  inches  apart  and  radiate  toward  the  point  from  which 
the  steppings  are  described.  The  steps  are  constructed  of  i-inch 
yellow-pine  flooring  upon  2-inch  battens  secured  to  stepping-pieces 
of  i^  by  i14-inch  steel  angles,  bolted  to  the  radiating  channels. 
The  risers  are  made  of  sheet  iron  about  Ke  of  an  inch  thick  and 
also  secured  to  the  angles.  The  ceiling  beneath  is  formed  by  bolt- 
ing 1%  by  iM-inch  angles  to  the  under  side  of  the  channels  every 
16  inches,  and  on  these*  wire  lathing  is  secured.  The  front  of  the 
balcony  is  constructed  of  3-inch  channel-posts  placed  about  4  feet 
apart  and  secured  to  a  continuous  6-inch  channel  extending  around 
the  entire  front." 

In  the  Empire  Theater,  designed  by  the  same  architects,  the 
steppings  are  supported  by  small  lattice  trusses  (Fig.  739)  which 
also  radiate  to  .the  point  from  which  the  steppings  are  described. 
Between  the  trusses,  and  resting  upon  the  bottom  chord,  Guastavino 
arches  are  constructed,  making  an  excellent  and  practical  fire-proof 
ceiling,  doing  away  with  all  furring  and  making  desirable  curves 
for  the  decorations. 

"To  support  the  flooring,  which  is  of  2-inch  boarding,  knee- 
pieces  of  plates  and  angles  are  secured  to  the  top  chord  of  each 
truss,  as  shown  in  the  illustration.  At  the  top  of  each  knee-piece 
2-inch  channels,  and  at  the  bottom  2-inch  angles  are  secured,  ex- 
tending in  a  circle  the  entire  length  of  the  galleries.  The  risers, 
as  in  the  previous  example,  are  of  plate  iron." 
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Another  favorite  method  of  constructing  these  galleries  is  to  use 
steel  beams,  placed  about  4  feet  6  inches  apart,  and  filled  in  be- 
tween with  fire-proof  arches  of  brick  or  hollow  tile. 


Fig.  7JV.     Gallcry-Steppi 


"This  is  no  doubt  the  cheapest  form,  but  the  top  and  bottom  of 
the  beams  are  required  to  be  bent  to  conform  to  the  girders  and 
steppings  of  the  tiers.     If  the  girders  supporting  the  lower  ends  of 


er'GBllerii.     Wooden  Slipping. 


these  beams  are  level  the  bending  is  an  easy  task,  but  when  the 
front  'rakes'  2  or  3  feet  the  beams  become  of  different  lengths,  and 


CHURCH-GALLERIES.  673 

then  different  bends  are  required.  This  construction  is  also  con- 
siderably  heavier  than  the  Guastavino-arch  system  and  requires 
more  metal  in  the  beams  and  columns." 

Although  the  width  of  the  steppings  is  restricted  as  shown  on 
account  of  lack  of  space,  it  is  the  opinion  of  Mr.  Birkmire  and  of 
others  interested  in  the  design  of  theaters  that  2  feet  6  inches  is 
not  a  sufficient  width  for  comfort. 

Fig.  740  *  shows  a  somewhat  different  detail  and  more  modern 
construction  of  theater-gallery  wood  stepping  than  that  illustrated 
in  the  foregoing  examples.     It  is  one  of  the  typical  methods  of 
construction   used   at  present  in   fire-proof   theaters  where   wood 
,  stepping  is  employed.     The  front  part  of  the  balcony  or  gallery 
is  cantilevered  as  shown,  by  steel  channels  and  angles  and  a  con- 
crete floor-arch  construction   is   used  in  between   and  above  the 
rolled-steel   sections.     On  the  concrete  of  the  raking  part  2  by 
4-inch  nailing- strips  are  set,  16  inches  on  centers,  and  to  these  the 
2  by  4-inch  stepping- supports  are  nailed  16  inches  on  centers.     The 
wood  floor-sleepers  in  the  concrete  of  the  level  part  at  the  rail  are 
2  by  4  inches,  set  16  inches  on  centers.     All  the  flooring  is  I'/i 
inches  thick  and  the  stepping- risers 
are  covered  with  J^^iuch-thick  floor- 
ii^.    Fig.  741  shows  the  detail  of  the 
framing  of  the  steel  channel  at  the 
end  of  the  raking  cantilever  to  the 
gusset-plate  and  angles. 

452.  CHURCH  -  GALLERIES. 
WOODEN  CONSTRUCTION, 
In  churches  there  is  usually  but  one 
gallery,  and  as  the  "sighting"  is  not 
as  important  as  in  a  theater,  it  is 
usually    possible    to    regulate    the 

Fig.  ,4..     D«.!r.ofFr«„inB  Shown         ^j^j^^    ^^^    ^^-^y^^     ^j      ^j^^      gaHgry, 

from  the  main  floor,  so  that  a  12- 
inch  step  will  give  the  occupants  a  view  of  the  pulpit-platform  and 
of  a  portion  of  the  main  floor. 

Church-gaUeries  also  generally  have  straight  fronts,  and  if  pitched 
lengthwise  the  inclination  is  usually  the  same  at  the  back  and  front; 
so  that  the  supports  remain  the  same  length.  The  construction 
must,  as  a  rule,  be  of  timber,  as  comparatively  few  churches  can 
afford  steel  *  framing.  Every  architect,  however,  should  endeavor 
to  have  the  under  side  of  the  galleries  protected  by  wire  lathing  or 
some  form  of  metal  lathing,  as  this  adds  very  little  to  the  expense 
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and  would  retard  for  a  considerable  time  the  destruction  of  the 
gallery  by  fire.  There  is  also  less  danger  of  the  plaster  dropping 
from  metal  lathing  than  from  wooden  laths. 

When  the  conditions  of  the  building  will  permit,  the  writer  has 
found  the  method  of  gallery-supports  shown  in  Figs.  742  and  743 
to  be  the  most  practical  and  economical.  The  support  is  obtained, 
according  to  the  span,  by  lo-inch  or  12-inch  joists,  which  rest  on 
girders  at  the  inner  end  and  are  built  into  the  walls  at  the  outer 
end.  Especial  provision  should  be  made  to  have  the  joists  well 
tied  to  the  walls,  as  otherwise  the  weight  will  have  a  tendency  to 
push  them  in,  or  the  wall  out.  At  least  every  other  joist  should  be 
securely   anchored.     The   wall-end   of   the   joists   should   also  be 
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Fig.  744.     Church-Gallery  Construction. 
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Fis*  743*     Church-Gallery  Construction. 


notched,  as  shown  at  5*,  Fig.  742,  to  give  a  horizontal  bearing  on  the 
wall.  The  steppings  may  be  formed  of  2  by  4's,  supported  by  ij4- 
inch  boards,  spiked  to  each  side  and  to  the  joists ;  or  2  by  4-inch  up- 
rights may  be  set  under  the  ends  of  the  horizontal  pieces,  as  shown. 
The  projecting  front,  where  it  does  not  exceed  3  feet,  may  be 
framed  by  spiking  wedge-shaped  pieces  of  planks  to  the  top  of  the 
joists,  and  then  nailing  wide  boards  to  the  sides  of  both  pieces. 
The  rail,  if  of  wood,  is  generally  constructed  of  a  framework  of 
^  hy  4's,  ceiled  on  the  inside  and  paneled  and  molded  as  may  be 
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desired  on  the  outside,  the  top  being  covered  with  a  wide  cap- 
piece.  The  uprights  of  the  framework  should  be  securely  spiked 
to  the  side  of  the  joists  supporting  the  gallery.  In  churches  it  is 
not  desirable  to  have  the  solid  portion  of  the  railing  exceed  2  feet 
in  height  on  the  inside,  and  22  inches  is  better.  If  a  higher  rail 
is  desired  an  ornamental  rail  of  2-inch  brass  or  steel  tubing,  with 
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Standards  from  3  to  4  feet  apart,  may  be  placed  on  top  of  the 
wooden  rail,  as  this  obstructs  the  view  less. 

If  the  projection  of  the  gallery-front  beyond  the  line  of  the  posts 
is  between  3  and  6  feet,  the  floor  may  be  supported  as  shown  in 
I^'&-  743-  In  tli's  case  it  will  be  necessary  to  drop  the  upper  ends 
of  the  12-inch  joists,  so  that  the  inner  ends  will  come  about  as 
shown  in  the  figure.  In  order  not  to  obstruct  the  view  more  than 
is  necessary,  the  depth  of  Ihe  joists  under  the  front  step  should 
not  exceed  10  inches,  the  girder  should  drop  as  httle  as  possible,  con" 
sistent  with  the  proper  framing  for  the  joists.  If  the  gallery  is 
circular  in  plan  the  joists  should  radiate  toward  the  center  from 
which  the  steppings  are  described,  and  the  girder  should  be  built 
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of  two  steel  channels  bent  to  the  proper  curve  and  breaking  joint 
over  alternate  supports, 

453.     ASSEMBLY-HALL     GALLERIES     WITH     HEAVY 
PROJECTIONS.     In   large   assembly-halls   it   is   often   desirable 


,    StCTCON  THROtWH  aoMIB** 
I     TRACK.  OH  Line  C-0- 

F!«.  MS-     CymnMium  Ruiming-Trtck.  CheitiiuE  Hill  Acadimy,  PhiUdelphii,  Pa. 

to  project  the  front  of  the  gallery  10  feet  or  more  beyond  the  line 
of  posts.  In  such  cases  it  will  be  necessary  to  support  the  front 
end  of  the  gallery-joists  by  girders  which  may  themselves  be  sup- 
ported by  cantilevers. 
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Fig.  744  shows,  approximately,  the  framing  of  the  lower  gallery 
in  the  Mechanics'  Hall  *  in  Boston,  Mass.     The  large  posts  are 
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Fig.  746,     Gymnaiium  Running-Tfack,  Cheilnut  Hiii  Acaaemy,  i-niisaeipnu.  fa, 

placed  about  25  feet  apart  and  are  carried  up  to  support  the  roof- 

,      ....  ._      ..     .  .,     .  ...      ._,^     „,_     y/^      g       r„,„n_    „(     „,j     fij„     of     p„,. 

in   1880  snd  is  Mill  in  ««  (1913).     Th^  "< 
Icrwood,   Aichilect,  BoMoa.  Hsu.. 
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'  trusses.  On  each  side  of  the  posts  are  placed  heavy  12-inch  iron 
channels,  in  line  with  the  2  by  12-inch  joists,  which  are  bolted  to  the 
post,  and  also  supported  by  the  bracket  or  brace  shown  in  the  draw- 


XV" 


ing.     The  channels  thus  act  as  cantilevers,  and  support  at  their  inner 
ends  horizontal  trusses,  which   in   turn  support  the  ends  of   the 
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gallery- joists.  The  other  end  of  the  joists  rest  on  a  partition  under 
the  gallery.  The  middle  of  the  joists  is  supported  by  an  orna- 
mental open  truss  extending  between  the  posts.  Truss  A,  Fig.  744, 
is  concealed  in  the  gallery-rail.  This  method  of  framing  is  applica- 
ble to  many  places  where  it  is  desired  to  use  large  posts  placed  from 
20  to  25  feet  apart,  with  a  considerable  projection  to  the  gallery. 
Careful  calculations  of  the  various  stresses  must  be  made,  how- 
ever, to  insure  safety. 

In  some  cases  galleries  may  be  advantageously  supported  by 
means  of  trusses,  similar  to  truss  A,  hung  by  rods  from  the  roof- 
trusses.  When  the  depth  does  not  exceed  16  feet  the  gallery  may 
be  supported  in  this  way  without  posts. 

454.  GYMNASIUM  RUNNING-TRACK  GALLERIES. 
Figs.  745  *  and  746  *  show  a  plan  and  two  sections  of  a  portion 
of  the  running-track,  side  walls,  cornice,  roof  and  steel  truss  of 
the  gymnasium  of  the  Chestnut  Hill  Academy,  Wissahickon 
Heights,  Philadelphia,  Pa.,  designed  by  Frank  Miles  Day  and 
Brother.  The  design  and  details  of  running-tracks  vary  in  different 
buildings,  but  the  introduction  of  one  or  two  types  of  this  kind  of 
gallery-framing  may  be  of  interest  in  this  division  of  the  subject  of 
wood  construction.  Fig.  745  shows  a  plan  of  one  corner  of  the 
track  at  one  of  the  turns  and  a  cross-section  at  the  curve  on  the  line 
CD;  while  Fig.  746  shows  a  section  of  the  track  at  the  straight 
part  on  the  line  A  B,  and  of  the  side  walls,  windows,  cornice,  roof 
and  part  of  one  truss  of  the  building. 

The  track  is  framed  with  2  by  6-inch  joists,  set  18  inches  on 
centers,  the  inner  ends  being  built  into  the. brick  walls  in  the  straight 
parts  of  the  track  or  resting  on  or  notched  over  I  beams,  and  the 
outer  ends  being  framed  to  6  by  lo-inch  yellow-pine  straight  or 
curved  girders.  These  girders,  when  curved,  are  built  up  of  six 
I  by  lo-inch  pieces  bolted  together.  The  joists  are  framed  to  the 
wood  girders  by  resting  on  i^  by  2-inch  wood  cleats  spiked  to 
girders.  At  the  curve,  the  inner  ends  of  the  joists,  for  the  greater 
part  of  the  distance,  rest  on  9-inch  I  beams  the  ends  of  which  are 
either  built  into  the  brick  piers  or  rest  on  steel  channels  or  I 
beams.  The  outer  ends  of  the  I  beams  and  channels,  which  run 
at  about  right-angles  to  the  general  direction  of  the  track,  are  sup- 
ported by  steel  bars  of  rectangular  cross-section,  bolted  to  them  and 
secured  to  the  upper  chords  of  the  steel  trusses.  The  inner  ends 
are  built  into  the  walls  or  rest  on  steel  sections  over  window-open- 
ings. The  trusses  are  braced  laterally,  also.  The  vertical  sections 
show  certain  curvatures  which,  of  course,  change  with  every  vary- 

*  Courtesy  of  Day  Brothers  and  Klauder,  Architects,  Philadelphia,  Pa. 
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ing  radius  of  the  curve  according  to  which  each  particular  track  is 
laid  out  in  plan.  These  curves  shown  in  a  vertical  plane  cannot, 
accordingly,  be  used  for  any  track,  having  a  curve  in  plan  of  any 
other  radius.  It  is  the  custom  of  architects  to  apply  to  the  manu- 
facturers of  gymnasium-apparatus  for  the  proper  curves  in  a  ver- 
tical plane  for  any  particular  track-curve  radius  in  plan.  The 
figures  in  the  plan  at  the  sections  of  the  supporting  rods  from  the 
trusses  are  the  loads  in  pounds  which  these  rods  carry.  The  hand- 
rail is  of  wood,  supported  by  metal  uprights  inclined  to  give  more 
room,  and  by  standing  metal  braces  secured  to  the  outer  ends  of  the 
track  I  beams  and  channels.  The  under  side  of  the  track  is  fin- 
ished by  ceiling  across  horizontally  with  narrow  matched  ceiling. 

Figs.  747  *  and  748  *  show  plans  and  sections  of  portions  of 
running-tracks  designed  by  the  Narragansett  Machine  Co.,  of  Provi- 
dence, R.  I.  Fig.  747  shows  the  plan  of  part  of  one  quadrant  of 
a  track  with  the  curved  sleepers  t  and  flooring,  and  the  felt  and 
canvas  covering  of  the  Roberts  running-track.J  The  three  sec- 
tional drawings  of  Fig.  747  show  a  section  on  the  line  A  B,  the  finish 
of  track  against  the  brick  wall  and  a  step-finish  which  is  sometimes 
required.  There  is  always  what  is  called  a  "line  of  inclination,"  to 
which  the  tips  of  all  curved  sleepers  are  set,  the  track  being  level  for  a 
short  width  on  the  inside  part.  The  curved  sleepers  are  set,  usually 
20  inches  on  centers,  on  the  rough  flooring  of  the  gallery-framing, 
which  is  shown  in  Fig.  748.  This  latter  figure  illustrates,  also,  sev- 
eral sections  and  detail  drawings  of  the  gallery-railing  and  supports. 
A  common  method  of  wooden-beam  floor-framing  for  the  straight 
runs  and  corner-turns  is  indicated  in  the  plan  of  Fig.  748.  The  floor- 
beams  vary  in  size  according  to  span  and  are  set  about  20  inches  on 
centers  and  framed  at  the  inner  ends  to  the  6  by  12-inch  wooden 
girders  on  the  heavier  diagonal  corner-girders  by  means  of  2  by  3- 
ilich  cleats  spiked  or  bolted  to  same.  They  are  framed  at  the  outer 
or  wall-ends  to  2  by  6-inch  pieces  secured  to  the  walls.  Two  de- 
tails of  gallery-brackets  are  shown,  one  for  an  iron,  and  the  other 
for  a  wooden  bracket.  In  both  cases  the  track-platform'  is  sup- 
ported, tied  and  anchored  and  the  variations  in  the  methods  are 
indicated  in  the  drawings.  The  railing  with  the  inclined  support 
and  wire  screen  is  also  shown. 

.In  regard  to  running-track  inclines,]  |  "Everything  depends  upon  the  radius 

•  Courtesy  of  the  Narragansett  Machine  Co.,  Providence,  R.  I. 

t  The  concave  track  was  patented,  by  W.  L.  Coop,  Oct.  7,  1890. 

tThe  Roberts  running-track  docs  not  form  any  part  of  the  curved  floor  or  concave, 
but  is  laid  on  the  concave  track  by  the  Narragansett  Machine  Co.,  or  such  persons  as 
they  may  permit  to  use  it. 

H  Taken  by  permission  from  "  The  Gymnasium  Director's  Pocket-Book,"  for  19x2,  pub- 
lished by  the  Narragansett  Machine  Co.,  Providence,  R.  I. 
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of  track-corners  or  ends.  If  this  is  too  small  it  is  impossible  to  design  an 
incline  that  will  permit  high  speeds  or  even  comfortable  running  at  any 
speed.  The  following  table  shows  the  angle  of  inclination  of  the  track  for 
a  speed  of  30  feet  per  second  (100  yards  in  10  seconds),  the  maximtmi 
sprinting-speed : 

incline  62  Degrees. 

incline  55  Degrees. 

incline  48  Degrees. 

incline  43  Degrees. 

incline  39  Degrees. 

incline  35  Degrees. 
As  it  has  not  been  found  practical  to  make  an  incline  greater  than  45 
degrees,  this  table  would  indicate  that  30  feet  is  the  smallest  radius  desirable 
for  maximum  speed.  Athletes  are  never  satisfied  with  anything  short  of 
their  best;  hence  a  track  to  be  used  by  them  must  be  designed  for  the 
highest  speed.  The  concave  incline  should  always  be  designed  specially  for 
the  radius  and  speed  required." 


Radius  15  feet 
Radius  20  feet 
Radius  25  feet 
Radius  30  feet 
Radius  35  feet 
Radius  40  feet 


3.    FRAMING  OF  NON-FIRE-PROOF  STORES, 

WAREHOUSES,  ETC. 

455.  GENERAL  CONSTRUCTION  OF  STORES  AND 
WAREHOUSES.  Although  the  larger  stores  and  warehouses, 
particularly  those  in  large  cities,  are  now  generally  built  entirely 
of  steel  fire-proof  or  concrete  fire-proof  construction,  the  majority 
of  stores  and  warehouses  of  ordinary  size  and  many  of  the  larger 
ones,  have  an  interior  wooden  construction.  The  buildings  of 
this  latter  class  built  strictly  in  accordance  with  mill-construction 
principles  are  cheaper  than  fire-proof  buildings  and  have  given 
excellent  service.  It  has  been  demonstrated  in  buildings  of  this 
class  that  when  only  large-sized  timbers  are  used  the  building  will 
stand  the  eflFects  of  a  fire  longer  than  will  a  building  in  which  un- 
protected iron  or  steel  is  used.  Steel  beams  used  as  girders  and 
unprotected  will  collapse  when  heated  and  ruin  the  building.    Or- 
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Fig.  749.     Common  or  "Light- Joist"  Construction. 

dinary  construction,  sometimes  called  "light- joist  construction,"  as 
shown  in  Fig.  749,  is  very  objectionable  as  the  greatest  expanse  of 
wooden  surface  is  exposed.     In  this  class  of  construction,  joists 
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2  and  3  inches  wide  are  generally  used,  spaced  from  10  to  16  inches 
on  centers  and  placed  on  top  of  the  girders.  Steel  construction, 
properly  firerproofed,  is  undoubtedly  preferable  to  wood  in  many 
ways,  and  when  it  can  be  employed  and  at  the  same  time  return  a 
fair  profit  on  the  investment,  the  architect  should  certainly  recom- 
mend it  to  the  owner.  There  are  many  ways,  however,  in  which 
the  ordinary  wood  construction,  as  found  in  smaller  cities  and 
country  towns,  may  be  greatly  improved  and  made  to  answer  its 
purposes.  Serious  objections  to  the  ordinary  or  light- joists  con- 
struction are,  as  above  stated,  the  large  surfaces  of  timber  exposed 
in  case  of  fire,  and  the  pockets  and  concealed  places  in  which  fires 
are  extinguished  with  difficulty.  If,  however,  the  joists  are  sus- 
pended from  the  girders  in  hangers  instead  of  being  placed  on  top, 
the  construction  is  improved,  the  danger  in  case  of  fire  is  dimin- 
ished and  at  the  same  time  a  saving  eflfected  in  the  story-heights. 

456.  PARTITIONS.  One  of  the  greatest  defects  in  the  ordi- 
nary construction  of  small  business  blocks,  office-buildings,  etc.» 
is  the  supporting  of  the  floors  on  wooden  partitions.  No  building 
other  than  a  dwelling  should  have  the  floors  supported  in  this  way. 
If  the  distance  between  the  walls  is  not  more  than  24  feet,  the 
floor- joists  should  be  made  of  sufficient  size  to  span  from  wall  to 
wall  without  assistance  from  the  partitions.  If  the  distance  be- 
tween the  walls  is  greater  than  25  feet,  brick  partition-walls,  or 
posts  and  girders  should  be  used  for  intermediate  supports.  For 
large  rooms  single  spans  of  28  feet  may  be  permitted,  but  this  is 
about  the  maximum  span  for  which  wooden  joists  can  be  used 
with  economy. 

The  principal  objections  to  the  use  of  partitions  for  supporting 
the  floor- joists  in  this  class  of  buildings  are : 

1.  Inconvenience  in  changing  partitions.  Business-blocks  in 
particular  often  require  alterations  in  the  partitions  to  suit  the  con- 
venience of  tenants,  and  when  the  partitions  support  the  floors  they 
cannot  be  easily  moved. 

2.  The  weight  of  the  joists  on  the  partitions  has  a  tendency  to 
spring  the  studding  and  loosen  the  plastering.  The  partitions 
themselves  often  have  insufficient  supports,  the  ordinary  2-inch 
caps  being  too  thin  to  support  heavy  floors.  It  will  generally  be 
found  that  where  floors  are  supported  on  partitions  the  plastering  on 
the  latter  is  badly  cracked  and  the  ceiling  sags  at  the  center  of  the 
partition. 

3.  Less  security  in  case  of  fire.  Stud-partitions,  being  con- 
structed of  small  timbers,  are  quickly  consumed  by  fire,  and  but  a 
few  moments  are  required  to  weaken  the  studding  sufficiently  to 
cause  the  floors  to  fall.     Girders,  on  the  contrary,  being  large,  solid 
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timbers,  do  not  burn  readily,  and  will  often  stand  until  the  fire  is 
extinguished. 

457.  POSTS,  COLUMNS  AND  GIRDERS  IN  GENERAL. 
These  should  be  arranged  so  that  the  span  of  the  joists  will  not 
exceed  24  feet,  16  feet  resulting  in  greater  economy.  The  girders 
may  be  of  wood  or  steel ;  the  former  will  generally  be  used  except 
where  girders  of  considerable  length  are  required.  With  a  joist- 
span  of  16  feet  it  is  not  good  practice  to  have  a  greater  span  than 
14  feet  for  the  girders,  12  feet  being  the  maximum  span  permitted 
for  wooden  girders  in  several  cities.  The  posts  or  columns  may 
be  of  wood,  cast  iron  or  steel.  In  buildings  of  not  more  than  three 
stories,  having  wooden  floor-beams  and  girders,  iron  columns  oflFer 
no  particular  advantage  over  wooden  ones,  except  that  they  may  be 
made  a  little  smaller  in  cross-section.  Metal  columns,  unprotected, 
will  not  stand  as  long  in  a  fire  as  heavy  wooden  posts.  For  the  com- 
parative advantages  of  cast-iron  and  steel  columns,  and  rules  for 
determining  their  strength,  the  reader  is  referred  to  Kidder's 
"Architects'  and  Builders'  Pocket-Book." 

458.  WOODEN  POSTS  AND  GIRDERS.  The  best  timbers 
for  wooden  posts  and  girders  are  the  long-leaf  southern  yellow 
pine,  Douglas  fir  and  oak.  Oak,  however,  is  possibly  less  desirable, 
as  it  seems  to  be  more  easily  affected  by  dry  rot.  During  a  fire 
in  the  Gledhill  wall-paper  factory  in  New  York  City  it  was  dis- 
covered that  the  columns  failed  under  peculiar  circumstances. 
Upon  investigation  it  was  found  that  the  oak  columns,  which  had 
been  completely  incased  at  the  top  by  cast-iron  post-caps  which 
allowed  no  ventilation,  had  been  badly  affected  by  dry  rot;  while 
some  yellow-pine  posts  in  the  same  building  did  not  show  this  con- 
dition. The  posts  may  be  either  round  or  square  in  cross-section. 
If  round,  it  is  better  to  leave  the  upper  end  square,  as  it  gives  a 
better  bearing  for  the  iron  cap.  The  lower  part  of  the  post  should 
be  round  if  the  post  is  turned.  Posts  square  in  cross-section  have 
a  carrying-capacity  of  one-fourth  more  than  that  of  cylindrical 
posts  with  a  diameter  equal  to  the  side  of  the  square-section  posts. 
The  latter  are  usually  planed  and  have  the  corners  chamfered.  The 
ends  of  all  posts  should  be  squared  off  to  a  true  plane,  normal  to 
the  axis,  to  prevent  flexure  due  to  eccentric  loading. 

It  is  generally  considered  that  the  durability  of  a  wooden  post  is 
increased  by  boring  a  hole  through  its  core  or  axis.  This  practice 
is  gradually  being  abandoned  by  many  who  seem  to  attach  no  par- 
ticular significance  to  it.  It  is  recommended,  however,  by  the  asso- 
ciations of  fire-underwriters. 

The  New  England  Mutual  Insurance  Companies,  which  insure 
nearly  all  of  the  mills  and  factories  of  the  New  England  States, 
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advise  (hat  a  rj^-inch,  or  preferably  a  l-inch  hole  be  bored  through 
the  axis  of  each  wooden  post,  and  a  ^-inch  cross-hole  near  the  top 
and  bottom  to  give  an  interior  circulation  of  air.  It  is  claimed 
that  this  precaution  prevents  decay  and  dry  rot,  but  in  ordinary 
buildings  the  posts  are  seldom  bored. 

The  boring  should  be  done 
entirely  from  one  end,  and  if 
the  auger  comes  out  more 
than  ^  of  an  inch  from  the 
center  at  the  other  end  the 
post  should  be  rejected.  Bor- 
ing from  both  ends  is  often 
done,  but  is  not  recommended, 
as  it  is  difficult  to  make  the 
holes  meet  in  the  middle. 

459-       POST-GAPS.      All 

posts  should  rest  on  post-caps, 

and  never  on  girders.     The  basement-posts  should  rest  on  iron  plates 

bedded  in  Portland  cement  on  brick,  stone  or  concrete  piers,  the 


Fig.  751.    Gotli  PoU-Cap. 


Fig.  7S«-     Duvinige  P«t'Cap. 


top  of  the  iron  plates  being  kept  a  little  above  the  concrete  floor, 
(See  Fig.  765.)  The  top  of  the  posts  should  be  fitted  with  post- 
caps,  which  should  support  the  girders  and  the  posts  above. 

Fig.  750  shows  a  tier  of  posts  and  girders  for  a  two-story-and- 
basement  building. 

The  same  construction  is  applicable  to  a  five-story  building  when 


the  sizes  of  the  columns  are  properly  proportioned.    The  ends  of 
the  girders  should  be  cut  to  fit  closely  around  the  bottom  of  the 


t 


m 


E 

Fig.  J5J-     CoraraoQ  Form  of  Caatlron  Pogt-Ofi. 

posts,  as  shown  at  X,  if  cylindrical  columns  are  used,  and  tied  to- 
gether longitudinally,  either  by  bolting  through  the  cap,  as  at  D, 


Fig.  754.     Two-War  I>up1«  Sleel  rost-Cap. 

or  by  iron  straps,  as  at  C  and  X.    The  bottom  plate,  A,  should 

have  a  dowel  in  the  center  to  keep  the  post  in  position  until  loaded. 

The  style  of  post-cap  shown  at  B   is  often  used.     When  the 

girders  and  joists  are  in  place,  and  especially  when  the  buildii^  is 


BUILDING-CONSTRUCTION. 


(Ch.  VII) 


occupied,  there  is  no  danger  of  the  girders  or  posts  slipping  on  the 
plate;  in  fact  it  would  require  a  great  force  to  move  them  and  the 
author  doubts  if  any  particular  advantage  is  gained  in  fastening 


Duplex  Steel  Post-Cap  for  Tbree  o 
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wooden  columns  together  in  a  vertical  line.  If  the  building  should 
take  fire,  the  posts  would  certainly  be  destroyed  as  soon  as  the 
girders,  and  the  bolting 
of  the  posts  together  at 
the  top  and  bottom  would 
in  no  way  keep  them 
from  falling. 

Many  architects,  how- 
ever, prefer  a  cap  with 
side-plates  like  those 
shown  at  D.  The  side- 
plates  add  somewhat  to 
the  strength  of  the  cap 
and  keep  the  upper  post 
and  girder  in  place  while 
the  building  is  being 
erected.     Holes    may    be 

Fig.  756.     OneWay   Duplex    Sleel  Posl-Cap.  left    in    the    side-plateS    tO 

secure    the    ends    of    the 
girders  and  the  post  above. 

Figs.  751  and  752  show  the  "Goetz"  and  "Duvinage"  caps,  which 
are  similar  to  the  cap  shown  at  D,  in  Fig.  750.  These  caps  have 
lugs  or  dowels  cast  on  the  bearing-plate  to  hold  the  ends  of  the 
beams,  and  the  "Goetz"  cap  is  made  so  as  to  be  bolted  to  the  posts, 
the  patentee  claiming  that  this  will  keep  the  columns  upright,  even 
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Fig.  7sB.     Duplex  Malieahle-Iron   Posl-Cap, 


Fig.  759.    The  Slar  Steel  po»l-C»P- 
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if  the  beams  and  girders  fall.  Both  of  these  caps  are  well- 
adapted  for  their  purpose  and  are  extensively  used.  Caps  simi- 
lar to  D,  Fig.  750,  without  the  lugs  for  securing  the  girders, 
can  be  made  at  any  foundry  without  infringing  on  the  patents. 

Fig.  753  shows  a  common  form  of  post-cap  made  of  cast  iron. 
It  is  made  heavy  enough  to  insure  safe  construction.  But  the  use 
of  open-hearth  steel  is  rapidly  replacing  cast  iron  for  post-caps  as 
it  is  absolutely  reliable,  makes  a  perfect  post-cap  and  obviates  the 
uncertainty  attached  to  cast  iron.  Cast  iron  is  unquestionably  a 
compression-material;  but  when  used  in  post-caps  it  is  liable  to  be 
subjected  to  tension  in  the  upper  portion  of  the  cap  when  the  beam 
is  heavily  loaded,  causing  a  non-uniformity  of  loading  and  bearing 
on  the  cap.  The  uncertainty  due  to  flaws  in  the  cast  iron,  or  to 
internal  stresses  develpped  from  uneven  cooling  and  shrinkage  is 
eliminated  when  approved,  steel  post-caps  are  used.  The  open- 
hearth  steel  post-caps  are  also  preferable  to  the  cast-iron  post-caps, 
as  they  are  stronger,  more  reliable,  lighter  and  more  economical. 
Another  serious  objection  to  cast-iron  caps  is  that  in  the  event  of 
la  fire,  when  a  stream  of  cold  water  is  thrown  on  them,  they  break 
off.  If  the  cap  completely  encloses  the  post  it  prevents  ventilation 
and  causes  dry  rot. 

Fig.  754  illustrates  a  post-cap  made  of  steel  and  bearing  the 
label  of  approval  and  inspection  of  the  National  Board  of  Fire- 
Underwriters.  This  cap  fits  directly  on  the  post  and  no  special 
work  is  necessary  to  apply  it.  The  combination  of  the  side-plates 
and  bearing-bracket  bolts,  which  come  just  outside  of  the  post, 
form  a  complete  socket  for  the  post.  This  cap  is  made  for  the 
different  types  of  framing,  namely,  the  one,  two,  three  or  four-way 
construction,  as  required,  and  is  easily  adapted  to  **bi furcated,"  or 
special  framing. 

Fig.  755  illustrates  the  same  cap  shown  in  Fig.  754,  applied  to 
three  or  four-way  construction  and  furnished  with  a  bracket  riveted 
to  the  side-plate  which  takes  care  of  the  beam  that  frames  in  at  a 
right-angle.  These  caps  are  made  for  all  sizes  of  posts  and  girders. 
Fig.  754  shows  the  same  width  of  girder  as  the  width  of  the  post 
below,  and  Fig.  755  shows  how  the  cap  may  be  adapted  to  either  a 
larger  or  smaller  girder  than  the  post  below.  Fig.  756  illustrates  a 
one-way  post-cap,  and  Fig.  757  a  steel  post-cap  for  a  continuous  post. 
This  is  used  when  the  post  runs  through  the  two  stories,  or  where 
it  is  advantageous  to  use  a  long  post  into  which  a  girder  or  beam 
frames,  and  it  is  not  desired  to  cut  the  post.  The  use  of  this  con- 
tinuous post-cap  makes  a  very  strong  and  economical  construction. 

Fig.  758  shows  a  malleable-iron  post-cap,  consisting  of  an  upper 
and  lower  channel,  riveted  together  and  adapted  to  many  variations 
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of  girder  and  post-construction.  The  advantage  of  malleable  iron 
over  cast  iron  is  appreciated  by  engineers,  and  this  cap  is  often 
given  preference  over  cast-iron  caps.  The  cap  shown  is  patented 
and  bears  the  label  of  approval  and  inspection  of  the  National 
Board  of  •  Fire-Underwriters.  The  first  figure,  shows  a  cap  for  a 
larger  post  and  smaller  girder  and  the  second  figure,  a  cap  for 


Fig.  760.     Duplex    "Combi- 
nation" Post-Cap. 


Fig.  761.     "Ideal"  Steel  PostCap. 


a  smaller  post  and  larger  girder.  Fig.  759  shows  another  type 
of  steel  cap  approved  by  the  National  Board  of  Fire-Underwriters. 
This  cap,  however,  is  by  some  authorities  considered  objectionable 
from  an  engineering  standpoint,  as  the  finn  is  inserted  in  a  slot 
cut  in  the  top  of  the  post.  In  the  checking  and  twisting  of  the 
post  this  is  liable  to 
split  the  latter. 

Figs.  760,  761  and 
762  show  various 
other  types  of  post- 
caps,  which,  while  all 
right  for  ordinary 
construction,  are  not 
as  suitable  as  some 
others  for  the  most 
heavily  loaded  build- 
ings.    Figs.  761,  762 

have  the  label  of  ap- 
proval of  the  National 
Board  of  Fire-Un- 
derwriters.     Fig.  760 

shows  a  cap,  the  bottom  portion  of  which  is  made  of  malleable  iron 
and  the  top  channel  of  steel.  Fig.  761  shows  a  form  of  post-cap  made 
entirely  of  steel,  suitable  for  lighter  construction.  Fig.  762  shows  a 
double  post-cap  made  entirely  of  forged  steel.  The  side-flanges,  F, 
F,  extend  the  full  length  of  the  cap,  and  the  bracket-bearing  at  N  is 
riveted  to  the  side-flange  and  to  the  bottom-ri'^S-    '^^^  post-caps  for 


Fig.  762.     Van  Dorn  Steel  Post-Cap. 
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a  girder  in  one  direction  only  are  made  without  the  bearing  N. 
Figs.  763  and  764  show  perspective,  side  and  end-elevations  and 
plan  of  a  steel  post-cap  for  cylindrical  columns,  iron-pipe  columns 
or  concrete-filled  coltmins.     (See,  also,  Art.  462.) 

The  upper  post  may  be  capped 
V  by  a  wooden  bolster,   as  at   E, 

2 2 — ^ ^^^      Fig.  750,  if  preferred.     The  top 

jrJ^r^'-^ — ^,^'jrA^   |      of  the  post  should  be  doweled  in- 

^^"^^■^-"■^^^•^r  -'cr-"^4£^"-' *      to  the  under  side  of  the  bolster  or 

'^'1 ^  secured  by  two  square  drift-bolts, 

Fig.  763.    steel  Post-Cap  for  Cyiindri-      ^^^  the  cnds  of  the  bolster  should 
cai.  Pipc-Coiumna.  be  spiked  or  bolted  to  the  girder. 

The  bolster  should  also  be  made 
of  the  hardest  wood  obtainable,  preferably  oak,  so  that  the  fibers 
will  not  be  crushed  where  they  bear  on  the  top  of  the  post.  If  the 
building  has  a  flat  roof,  with  a  ceiling  beneath,  the  ceiling-joists 
should  rest  on  a  girder,  the  rafters  being  supported  by  a  short  par- 
tition of  2  by  6-inch  studs,  also  resting  on  the  girder. 
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Fig.  764.     Steel   Post-Cap  for  Cylindrical,   Pipe-Columns.     Side,   End  and   Plan. 


F^S-  765  shows  a  post-base  made  entirely  of  steel.  It  can  be 
made  for  every  size  of  post  and  with  the  necessary  spread  to  dis- 
tribute the  load  over  the  masonwork. 

The  strength  of  wooden  posts  may  be  found  from  the  tables 
given  in  Kidder's  "Architects'  and  Builders'  Pocket-Book,"  or 
from  those  in  the  Appendix.  Posts  eccentrically  loaded  should 
have  a  greater  cross-section  than  if  concentrically  loaded. 

460.  BEARING-AREA  AND  FORMS  OF  POST-CAPS 
AND  CAP-PLATES,  i.  Method  of  Determining  the  Area. 
The  iron  cap-plates  should  be  of  such  size  that  the  girders  will 
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have  a  bearing  of  at  least  5  lineal  inches  at  each  end,  and  the  edge 
of  the  plate  should  not  project  more  than  6  inches  beyond  the  post, 
unless  absolutely  necessary  to  get  a  sufficient  bearing-area. 

The  bearing  area  required  for  the  end  of  the  girder  should  be 
found  by  dividing  one-half  the  load  on  the 
girder,  if  the  load  is  symmetrical,  or  the 
proper  reaclion,  if  the  load  is  unsymmetrical, 
by  500  for  oak,  350  for  long-leaf  yellow  pine, 
200  for  Douglas  fir  and  200  for  spruce.  If 
the  area  thus  found,  divided  by  the  width  of 
the  girder,  is  less  than  5  inches,  however,  the 
latter  distance  should  be  taken  as  the  mini- 
mum lineal  support,  except  for  very  light 
girders. 

2.  Example  of  Bearing-Surface  for  Cap- 
Plates.  A  ID  by  12-inch  long-leaf  southern 
yellow-pine  girder  is  calculated  to  support 
20,000  pounds,  uniformly  distributed.  What 
bearing  should  it  have  at  the  ends? 

The  solution  is  as  follows:  One-half  the  load  would  be  10,000 
pounds,  and  this  divided  by  350  gives  about  28  square  inches  for 
the  bearing-area.  Dividing  this  by  10,  the  width  of  the  girder,  we 
have  2.8  inches.     As  this  distance  is  less  than  5  inches  the  latter  is 


' '%  J," 


Fig.  76e.     Cip-PUtw  lot  CTliadilcal  and  Square-Topped  Poett. 

the  bearing-distance  to  be  used.  If  a  spruce  or  Douglas  fir  girder 
were  used,  the  distance  would  be  exactly  5  inches  by  caVcuiXatioTi  ior 
the  10  by  12-inch  size. 

3.  Different  Forms  of  Cap-Plates.  CylindT\(:5\  oO^^^  '"'^  ^'^", 
erally  preferred  to  square -sect!  on  posts,  as  they  a.te\e&*  V(\  w '«^'J  *^ 
but  there  is  necessarily  a  loss  of  strength"^Ti  -^^  .  rf,    ^^'««-^«^ 
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tional  area  of  the  post  is  considerably  diminished.  For  posts 
turned  the  whole  length,  an  iron  cap  like  that  shown  at  A,  Fig.  766, 
may  be  used.  The  cap  shown  at  B  is  often  used  when  the  top  of 
the  post  is  left  square  in  section  and  there  is  no  post  above. 

Occasionally  it  is  necessary  to  make  the  girders  continuous  over  a 
post,  or  the  post  may  support  the  end  of  a  truss,  in  which  case  the 
post  above  cannot  come  down  to  the  post  below.  For  such  con- 
struction a  hollow  cap-plate  should  be  used,  something  after  the 
style  of  cap  shown  in  Fig.  767.     The  cap  should  come  dowti  at 


ni.  7e7.     Hollow  Cap  Plale,  Side  View  and  Per*pectivi 


usus-Girder  Conitruclion. 


least  3J^  inches  on  the  lower  post,  and  should  be  bolted  to  the  upper 
post. 

4.  Proportions  for  Cap-Plates.  Rules  for  calculating  the  size 
of  brackets,  etc.,  for  cast-iron  bearing-plates  are  given  in  Kidder's 
"Architects'  and  Builders'  Pocket-Book."  Chapter  XIII.  As  a  gen- 
eral rule  the  depth  of  the  bracket  should  not  be  less  than  three- 
fourths  of  its  projection. 

The  bearing-plate  should  be  1%  or  ij^  inches  thick  and  the 
socket-plates  ^  of  an  inch  or  i  inch  thick. 

The  socket  which  encloses  the  top  of  the  post  should  be  made 
yi  an  inch  smaller  than  the  nominal  size  of  the  post,  so  that  it  will 
be  sure  to  fit  tightly  over  it. 

In  designing  iron  castings  the  thickness  of  all  the  parts  should 
be  nearly  uniform,  so  that  they  may  cool  evenly  and  thus  avoid 
initial  stresses. 
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As  steel  plates  and  caps  are  much  stronger  than  those  of  cast 
iron  and  not  subject  to  internal  stresses,  the  thickness  of  their  metal 
need  not  be  more  than  about  one-half  that  of  the  cast-iron  cap. 

461.  CAST-IRON  COLUMNS.  Cast-iron  columns  are  supe- 
rior to  wooden  posts,  in  that  they  do  not  decay,  can  be  made  smaller 
than  wooden  posts  and  are  not  damaged  by  wear  and  tear.  They 
also  have  an  appearance  of  greater  strength  and  durability,  although 
this  appearance  may  often  be  deceptive.  When  not  protected  by 
fire-proof  materials  they  are  quickly  injured  by  fire  and  water,  and 
in  a  fire  will  stand  no  longer,  if  as  long,  as  wooden  posts. 

The  shell  of  cast-iron  columns  that  carry  any  weight  should  not 


Fig.  768.  Section  of  Cast- 
iron  Columns.  Incorrect 
MeUiod  of  Casting. 


Fiff.  769.  Detail  of  Top  of  Cast- 
iron  Column  for  Use  with 
Wooden  Girders. 


be  less  than  }i  of  an  inch  thick,  and  should  be  cast  straight  from 
end  to  end ;  and  under  no  circumstances  should  a  supporting  column 
be  cast  as  in  Fig.  768.  If  the  column  is  to  be  loaded  with  60  per 
cent  of  its  calculated  safe  load,  the  thickness  of  the  metal  should 
be  tested  by  boring  one  or  more  small  holes  through  the  shell  and 
measuring  the  thickness  of  the  opposite  side  by  means  of  a  stiff 
wire.  A  difference  in  thickness  of  more  than  }i  of  an  inch  should 
not  be  permitted. 

The  ends  of  all  columns  should  be  turned  in  a  lathe  to  a  true 
plane  at  right-angles  to  the  axis.  The  lower  column  should  rest 
on  a  cast-iron  plate  with  a  raised  cross  cast  on  it  to  fit  into  the 
column.  The  portion  of  the  plate  which  receives  the  column  should 
also  be  turned.  The  upper  columns  should  be  bolted  to  those  be- 
low.   Fig.  769  shows  the  manner  of  casting  the  top  of  the  columns 
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where  wooden  girders  are  used.  The  top  of  the  column  should 
come  about  4  inches  above  the  top  of  the  girder,  unless  the  joists 
are  framed  flush,  to  facilitate  bolting  the  columns  together. 

The  ends  of  the  girders  should  be  tied  together  by  straps  on 
each  side,  as  shown  in  Fig.  750. 

If  for  any  reason  a  very  large  cap-plate  or  hollow  box  is  required 

to  support  the  floor-construction,  it 
may  be  cast  separately  and  bolted  to 
the  top  of  a  plain  column,  the  bear- 
ing-surfaces being  turned  to  fit 
closely. 

If  an  ornamental  cap  and  heavy, 
projecting  base  are  desired  below 
the  girder,  they  should  be  cast  in 
separate  pieces  and  screwed  to  the 
columns,  as  in  Fig.  770. 

462.  STEEL-PIPE  COLUMNS. 
A  particular  demand  for  steel-pipe 
columns  is  at  the  angles  of  show- 
windows  in  mercantile  buildings. 
In  buildings  of  moderate  height  the 
floor-joists  are  usually  supported  by 
the  side  walls  and  the  columns  have 
to  support  only  a  relatively  light 
wall  above.  For  such  places 
wrought-steel  pipes  may  be  ad- 
vantageously used  for  the  columns. 
They  may  be  used,  also,  for  the 
columns  supporting  the  roof  of  one- 
story  buildings.  In  several  cities, 
however.  New  York,  Brooklyn, 
Philadelphia,  Boston,  Chicago  and 
Fig.  770.   Detail  of  Cast-iron  Column  Others,  pipc-columns  are  uscd  f or  in- 

with   Ornamental   Cap    and   Base.        tcrior  COUStrUCtion  tO  Carry  I  bcamS 

supporting  floors,  walls,  and  chim- 
neys in  all  classes  of  buildings,  such  as  tenements  and  apart- 
ment-houses, factories,  garages,  churches,  warehouses,  etc.  In 
Brooklyn,  pipe-columns  are  calculated  according  to  the  formula 
5"  ==  14,000  -  80  1/r,  in  which  5",  1  and  r  have  values  as  explained  be- 
low for  the  New  York  City  formula.  If  the  columns  are  filled 
with  concrete,  the  area  of  the  cross-section  of  the  concrete  is  mul- 
tipl?ed  by  500  and  the  product  added  to  the  load  supported  by  the 
pipe.  This  formula  gives  a  factor  of  safety  of  four.  The  New 
York  Bureau  of  Buildings  uses  the  formula  5*=  15,200 -58 1/r,  in 


STEEL-PIPE  COLUMNS.  697 

which  5"  is  the  permissible  unit  fiber-stress,  1  the  length  in  inches 
and  r  the  radius  of  gyration  of  the  cross-section  of  the  pipe.  This 
gives  a  carrying-capacity  about  10  per  cent  greater  than  that  of  the 
Brooklyn  formula.  In  Philadelphia  pipe-columns  are  allowed  to 
carry  about  25  per  cent  more  than  is  allowed  in  Brooklyn.  Where 
pipe-columns  are  filled  with  concrete  the  cast  caps  and  bases  are 
secured  to  the  pipe  by  concrete  which  is  reinforced  internally  by  a 
pipe  of  smaller  diameter.  Where  these  steel-pipe  columns  filled 
with  concrete  are  used,  care  should  be  taken  that  the  pipes  are 
entirely  fillecJ,  and  that  there  are  no  air-spaces  in  the  concrete. 
These  concrete-filled  columns,  sometimes  reinforced  with  smaller 
pipes,  have  a  large  carrying-capacity.  Pipe  columns  may  have  their 
supporting-power  about  doubled  in  many  cases  by  concrete  filling. 
One  type  of  steel  post-cap  used  in  connection  with  pipe-columns  to 
carry  wooden  girders  is  shown  in  Figs.  763  and  764.  There  are 
many  other  forms  of  cast  and  wrought  caps  for  pipe-columns.  The 
design  of  proper  caps  and  bases  is  the  most  difficult  part  of  adapting 
tubular  columns  to  practical  problems  in  building-construction. 

A  wrought-steel  pipe  when  used  as  a  column  generally  has  the 
following  advantages: 

1.  It  will  support  a  greater  load  per  square  inch  of  section  than  any  other 
shapes  and  styles  of  mild-steel  columns  of  the  same  slenderness-ratio,  1/r, 
for  most  of  the  columns  of  different  slenderness  ratios  recently  tested  (1908 
and  1909)  at  the  Watertown  Arsenal. 

2.  Its  section  has  the  greatest  possible  "least  radius  of  gyration/'  r,  for 
the  same  outside  diameter  and  area.  This  makes  pipe-columns  especially 
advisable  when  it  is  desired  to  obstruct  the  view  as  little  as  possible,  as  in 
the  corners  of  show-windows,  in  balcony-supports,  etc. 

3.  It  may  be  used  with  greater  slenderness-ratio,  1/r,  than  any  other  sec- 
tion without  reducing  the  load  per  square  inch  in  order  to  conform  to 
permissible  loading-rules,  such  as  those  of  the  New  York  City  and  Chicago 
building  codes. 

4.  Its  curved  walls  permit  the  use  of  relatively  thinner  material  than  may 
be  used  with  columns  with  flat  surfaces;  that  is,  its  thickness,  t,  divided  by 
the  outside  diameter,  d,  may  be  t/d  =  1/80  with  as  great  security  from 
wrinkling  (called  also  "buckling,"  "bulging"  or  "local  failure")  as  the  box 
column,  which  good  practice  of  competent  engineers  limits  to  1/50  of  the 
unsupported  width  of  flat  surfaces.  The  ratio  t/d  =  1/80  =  i/4'V2o"  is 
about  the  limit  of  practicable  working  of  the  ordinary  lap- weld  process,  and 
all  commercial  pipes  have  a  smaller  ratio. 

5.  Manufacturers  are  now  regubrly  making  pipe  for  sizes  up  to  and 
including  16  inches  outside  diameter,  in  lengths  up  to  40  feet. 

The  following  general  notes  and  suggestions  sV\ou\A  ^^  oX^^^^^^d 
in  the  use  of  steel  pipe  for  columns : 
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1.  As  in  the  case  of  columns  of  any  construction,  it  is  obvious  that  com- 
petent designing  and  detailing  as  well  as  proper  fabrication  of  the  end-con- 
nections for  pipe-columns  be  insisted  upon.  Otherwise  the  advantages  of 
the  circular  section  may  be  nullified. 

2.  When  the  loading  must  be  eccentric  care  must  be  exercised  in  the 
proper  selection  and  size  of  pipe  to  be  used.  The  relative  economy  in  the 
use  of  the  circular  section,  however,  increases  with  the  length  and  slender- 
ness  of  the  column. 

3.  A  capital  or  base  should  never  be  screwed  to  a  pipe,  because,  cutting 
the  thread  reduces  the  section.  Where  screw-threads  must  be  used,  only 
the  area  below  the  root  of  the  threads  should  be  considered  as  available 
for  the  supporting-power. 

4.  The  ends  of  pipe  to  be  used  for  columns  should  always  be  faced  off  in  a 
lathe,  the  facing  being  normal  to  the  general  axis.  A  pipe  should  not  be  turned 
nor  bored  in  fitting  capitals  or  bases  but,  if  possible,  the  capital  or  base  should 
always  be  forced  or  shrunk  to  an  even  bearing  on  the  faced  end  of  the  pipe. 
Where  the  capital  or  base  must  be  inserted,  it  is  liable  to  start  a  wrinkle  or 
buckle  and  the  load  should  be  adjusted  to  the  probable  lessening  of  supporting- 
power.  The  bearing-surfaces  in  capitals  and  bases  should  be,  of  course, 
always  lathe- faced.  It  may  be  found  that  with  careful  foundry- work  it  is 
not  necessary  to  bore  the  castings;  but  it  may,  in  some  cases,  be  cheaper 
to  use  poor  foundry-work  and  bore  the  castings,  as  well  as  face  the  seats. 

5.  Pin  or  ball-and-socket  ends  are  generally  preferable  to  flat  or  fixed 
ends  for  a  slenderness-ratio  1/r,  of  100  or  less,  because  tests  show  that 
columns  so  fitted  usually  carry  higher  loads  before  failure.  This  is  increas- 
ingly evident  as  1/r  decreases.  Any  form  of  end-connection  of  column  that 
may  cause  a  flexure  from  a  failing  floor  may  endanger  the  whole  structure. 

6.  All  columns  should  have  sufficient  stiffness  to  safely  withstand  the 
chance  deflecting  forces  to  which  they  may  be  exposed.  This  usually  in- 
volves consideration  of  eccentricity  as  well  as  of  flexure  due  to  transverse 
load. 

7.  It  is  desirable  to  adhere  always  to  the  trade-sizes  of  pipe  known  as 
"Merchant,"  "Standard,"  "Extra  Strong,"  "Double-extra  Strong,"  "Casing," 
"Boiler-Tubes,"  etc.,  and  avoid  special  production  which  usually  entails 
delays  and   special   prices. 

8.  Tables  XLVII,  XLVIII  and  XLIX  in  the  Appendix  show  the  loads 
which  "Standard,"  "Extra-Strong"  and  "Double-Extra-Strong"  steel-pipe 
columns  are  permitted  to  carry  under  the  New  York  building  code.  The 
Chicago  code  permits  slightly  greater  loads.  The  supplementary  table  of 
"Double-Extra  Strong"  steel-pipe  columns  may  be  useful  in  cases  where  a 
minimum  diameter  is  required;  but  it  should  be  remembered  that  such  pipe 
always  costs  more  per  pound,  owing  to  its  greater  cost  of  manufacture. 

463.  CONNECTIONS  OF  FLOOR-JOISTS  AND  GIRD- 
ERS. In  buildings  of  ordinary  construction,  that  is,  with  floor- 
joists  2  or  3  inches  thick,  the  girder  is  often  dropped  so  that  the 
floor-joists  may  rest  on  top  of  it,  as  shown  for  the  first  floor,  Fig. 
750.    Very  often  the  joists  and  girders  are  framed  as  shown  for 
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the  second  floor,  a  cross-section  of  the  girder  being  as  in  Fig.  89. 
In  either  case  the  joists  should  be  tied  together  across  the  building 
by  iron  dogs  (see  Fig.  89)  once  in  every  4  feet  or  by  spiking  the 
ends  of  the  joists  together.     If  strength  and  economy  alone  are  to 


Fig.  77 1-     Van  Dorn  Joist-Hangers  and  Post-Cap. 


Fig.  772.    Mill-Construction  Adapted  to   Stores,  Office-Buildings,    Etc. 


be  considered,  placing  the  joists  on  top  of  the  girder  is  the  most 
economical  method,  and  as  strong  as  any. 

From  a  slow-burning  standpoint,  however,  this  is  the  worst  kind 
of  construction  as  it  leaves  a  space  above  the  girder  around  which 
flames  can  lap,  and  also  affords  a  chance  for  the  accumulation  of 
dust  and  dirt  which  in  the  course  of  time  adds  inflammable  matter 
for  a  fire  to  feed  upon.  With  the  joists  framed  flush  with  the 
girder  on  top,  no  spaces  are  left  and  the  girder  yj\\\  be  raac\v  \onger 


700 


BUILDING-CONSTRUCTION.  (Ch.  VII) 


in  taking  fire.    The  flush  girder,  also,  gives  a  much  better  appearance 
to  a  room  of  moderate  height. 

When  the  beams  are  framed  flush,  in  all  buildings  other  than 
dwellings  and  small  private  stables,  they  should  be  supported  either 
by  steel  or  malleable-iron  joist-hangers,  or  by  stirrups.  (See,  also, 
Art  loo.) 

Figs.  771  and  772  show  the  ideal  methods  of  framing  buildings 
of  ordinary  construction,  one  with  the  "Van  Dorn"  and  the  other 
with  the  "Duplex**  hangers.  If  the  ceiling  is  to  be  plastered  it  will 
perhaps  be  best  to  use  the  "Duplex"  or  "Goetz"  types  of  joist- 
hangers,  as  they  are  not  so  much  affected  by  shrinkage  as  are  some 
other  forms  of  hangers.     (See,  also,  Art.  100.) 

464.  BRACING  OF  WOODEN  POSTS  AND  GIRDERS  IN 
HEAVY  FRAMING.  Buildings  of  several  stories  having  the 
floors  supported  by  posts  and  girders  without  partitions  are  not  very 
rigid;  hence,  if  a  building  is  very  high,  so  as  to  be  affected  by 

wind-pressure,  or  if  it  con- 
tains machinery,  it  is  very  de- 
sirable to  brace  the  posts  and 
girders  at  the  angles  formed 
by  their  intersection,  as  shown 
in  Figs.  773  and  775.  Such 
bracing  also  adds  materially 
to  the  strength  and  stiffness 
of  the  girders,  but  not  to  the 
posts. 

A  very  interesting  paper  by 
Prof.  Edgar  Kidwell  of  the 
Michigan  College  of  Mines, 
entitled  "Comparative  Tests 
of  Bracing  for  Wooden 
Bents,"  was  published  in  Vol- 
ume IV,  of  the  Proceedings 
of  the  Lake  Superior  Mining  Institute.  From  the  tests  therein  de- 
scribed. Prof.  Kidwell  found  that  for  wooden  braces,  the  best 
method  of  framing  the  brace  to  the  post  and  girder,  all  things  con- 
sidered, is  that  shown  in  Fig.  773.  Cast-iron  knees  of  the  pattern 
shown  in  Fig.  774  were  found  to  add  little  to  the  stiffness  of  the 
bent,  until  the  latter  had  deflected  more  than  would  be  admissible 
in  a  building. 

As  a  result  of  his  studies  and  experiments  on  the  bracing  of 
wooden  bents,  Prof.  Kidwell  patented  the  brace  shown  in  Fig.  775. 
It  consists  of  a  piece  of  ordinary  gas-pipe  or  steam-pipe,  fitted  by 
right  and  left-hand  screw-threads  into  cast-iron  shoes,  designed  to 


•MpaJ 


Fis-  773*     Bracing  of  Wooden  Post  to  Wooden 

Girder. 
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be  secured  to  the  posts  and  girders  as  shown.  For  structures  con- 
taining very  heavy  machinery,  the  shoes  should  be  secured  by  bolts, 
preferably  passing  outside  of  the  post ;  but  for  stationary  loads, 
lag-screws  may  be  used.  The  drawing  shows  the  brace  as  applied 
in  the  top  story,  or 
where  the  girder  passes 
over  the  post ;  but  it 
IS  equally  efficient  when 
the  girder  rests  on  a 
post-cap,  as  in  Fig. 
773,  the  ends  of  the 
girders,  of  course,  be- 
ing well  tied  together. 
The  obvious  advan- 
t^^s  of  this  brace 
over  the  wooden  brace 
are  greater  rigidity  of 
connection,  less  weak- 
ening of  the  post  and 
girder  and  opportunity  for  adjustment  in  case  of  shrinkage  in  post, 
or  settlement  of  girder.     Other  advantages  are  that  the  brace  can  be 


d  Wooden  Cirdei.  Kid«e\\  Pit< 


applied  at  any  time  to  old  as  well  as  to  new  buWdings;  it  \4  a.\so 
less  clumsy  than  the  wooden  brace. 

The  sizes  of  pipe  to  be  substituted  for  var\o\x^  «.\ie*   "^^  -nwAw 
braces  are  as  follows: 
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For  a  4  by  4-inch  brace,  a  2j^-inch  pipe ;  for  a  4  by  6-inch  brace, 
a  3-inch  pipe ;  for  a  4  by  8-inch  brace,  a  4-inch  pipe ;  and  for  a  6  by 
8-inch  brace,  a  4j4-inch  pipe. 

465.  FRAMING  FOR  AREA-WALLS.  Buildings  having 
storerooms  in  the  first  story,  and  rooms  or  offices  above,  generally 
require  an  area  on  one  or  both  sides  to  furnish  light  and  ventilation 
for  the  inside  rooms.  As  in  such  buildings  the  ground-floor  com- 
mands the  greatest  rental  per  square  foot,  it  is  essentia^  to  utilize 
the  full  area  of  the  lot;  and  to  do  this  it  is  necessary  to  start  the 
light-area  at  the  level  of  the  second  floor,  the  first  story  being 
lighted  by  a  skylight,  which  forms  the  bottom  of  the  area. 

A  very  common  arrangement  of  such  buildings,  when  erected  on 


Fig.  776.     Partial  Second-Story  Plan,  Showing  Light-Area. 
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Fig.  jyj.     Partial    Plan    Showing    Cheap    Method    of 
Framing  for  Light- Area. 


an  inside  lot,  is  shown  in  Fig.  776,  which  is  a  plan  of  one  side  of  the 
second  floor,  the  stories  above  being  divided  in  the  same  way.  For 
city  buildings  of  the  ordinary  construction  the  area  and  party  walls 
are  usually  of  brick.  As  the  area-walls  start  from  the  second-floor 
level,  they  must,  of  course,  be  supported  on  girders  of  some  kind. 
There  are  two  methods  of  construction  commonly  employed  in 
framing  and  supporting  these  girders.  The  cheapest  method  is  that 
shown  in  Fig.  JT/,  Girders  of  suitable  size  are  placed  directly 
under  the  area-walls,  and  are  themselves  supported  by  columns  or 
posts  spaced,  at  economical  distances,  as  shown  in  the  figure.  Con- 
structionally,  this  method  is  probably  the  best,  as  it  economizes  ma- 
terial and  carries  the  loads  more  directly  to  the  foundation ;  but  the 
posts  are  usually  considered  objectionable  in  a  store,  and  are  apt 
to  decrease  the  rent.  It  is,  therefore,  generally  desirable  to  frame 
the  girders  supporting  the  area-walls  so  that  the  columns  may  be 
omitted.    The  method  of  accomplishing  this  is  shown  in  Fig.  778, 
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which  represents  the  framing  of  a  portion  of  the  second  floor  in  a 
building  50  feet  wide. 

Girders  A,  A,  A  are  placed  crosswise  of  the  building  and  from  10 
to  14  feet  apart,  the  outer  ends  being  supported  on  the  first-story 
wall  and  the  inner  ends  on  the  columns  which  support  the  middle 
tier  of  girders. 

The  girders  A,  A,  A  support  the  girders  B,  B,  which  carry  the 
wall  above.     The  latter  girders  may  either  be  framed  between  the 


Fi|.  77S.     Plan  of  Area, Framing      Fit.    779'     Scclioa    of    Constructian    ShawD    in    Fig. 
Without  Columns.  478- 

former  or  may  rest  on  top  of  them;  in  the  latter  case  it  will  be 
necessary  to  drop  the  girders  A,  A  below  the  ceiling-Une.  It  would 
probably  be  more  economical  to  frame  the  girders  flush  and  drop 
both  below  the  ceiling,  as  in  that  case  the  floor-joists  would  rest  on 
top  of  the  girder  B,  B.  When  the  latter  is  flush  with  the  ceiling 
the  joists  must  be  supported  by  I-beam  hangers,  I-beam  box  hang- 
ers or  I-beam  shelf-hangers  as  described  in  Chapter  II,  Art.  100, 
Keeping  the  girders  B,  B  flush  with  the  ceiling,  however,  obstructs 
the  light  from  the  skylight  much  less  than  when  they  are  dropped. 
Fig.  779  shows  a  section  through  the  bottom  of  the  light-area  with 
the  girders  B,  B  flush  with  the  ceiling,  but  does  not  show  the  I-beam 
hangers. 

In  brick  buildings  over  two  stories  in  height  the  girders  A  and  B 
should  be  steel  beams,  used  in  pairs ;  or,  if  these  cannot  be  obtained 
of  sufficient  size,  riveted  box  girders  should  be  used. 

The  floor-joists  in  the  third  and  upper  floors,  aiy^  5^50  t.^«'"^^^*"» 
are  supported  by  the  area-wall,  hence  the  loa^  ^1^  \W  hV^^^^^  *'"* 
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B  is  very  considerable  and  must  be  computed  with  great  care.  It 
must  also  be  remembered  that  the  girders  B,  B  transmit  a  concen- 
trated load  to  the  gird- 
ers A,.  A,  and  the  size 
of  the  latter  must  be 
computed  accordingly. 

The  depth  of  the  gird- 
ers should  be  such  that 
the  deflection  does  not 
exceed  %o  of  an  inch 
per  foot  of  span.  If 
either  of  the  girders  is 
dropped  beneath  the 
ceiling  it  should  be  pro- 
tected from  fire  by 
metal  lathing  or  tile. 

The  load  which  the 
beams  A,  A  transmit 
to  the  wall  should  also 
be  carefully  computed 
and  a  bearing-plate  of 
proper  size  placed  un- 
der their  wall-ends.  It 
will  also  probably  be 
necessary  to  reinforce 
the  wall  by  pilasters,  as 
shown  in  Figs,  yyj  and 
778. 

If  the  side  wall  is  a 
party  wall,  or  comes 
close  to  the  lot-line,  it 
will  be  necessary  to  con- 
vey the  rain-water 
through  soil-pipes  placed 
inside  the  building  and 
to  provide  a  gutter  at 
the  foot  of  the  sky-light 
to  collect  it.  l^ig.  779 
shows  the  usual  method 
of  forming  the  gutter 
and  finishing  the  wall. 
466.     FLOORS  SUPPORTED  BY  RODS  AND  TRUSSES.* 

*  See,  also,  "Building  Construction  and  Superintendence,  Part  III.  Trussed  Roofs 
and  Roof  Trusses,"  by  F.  E.  Kidder,  for  further  data  on  trusses.  See,  also,  Kidder'f 
''Architects'  and  Builders'  Pockct-Book,"  chapters  on  Roof-Trusses. 


Fig.  780.     Section   of   Stable-Building   of   the   Adams 
Express  Company,  New   York  City. 


Fig.  781.     Section    of    Upper    Story    of    Museum    of 
Fine  Arts,   St.   Louis,  Mo. 
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I.  The  Construction  in  General.  In  planning  large  stables  and 
buildings  containing  assembly-rooms,  it  is  very  often  necessary  to 
provide  in  intermediate  stories,  rooms  40  or  50  feet  square,  without 
posts  or  other  vertical  supports.  If  such  rooms  are  not  more  than 
50  feet  wide  the  floor  above  can  be  supported  by  riveted  or  trussed 
girders;  but  as  the  riveted 
girders  are  quite  expensive 
and  as  either  must  drop 
considerably  below  the 
ceiling,  supporting  mem- 
bers of  these  types  are  not 
generally  practicable  un- 
less the  story  is  a  very 
high  one. 

The  usual  method  of 
supporting  the  upper 
stories  in  such  buildings 
IS  by  means  of  trusses  and 
suspension-rods,  as  illus- 
trated in  Fig.  780,*  which 
represents  a  section 
through  the  American  Ex- 
press Company's  stables, 
designed  by  Mr.  Peter  B. 
Wight,  built  on  East 
Forty-eighth  Street,  New 
York  City,  and  demolished 
in  1907  to  make  room  for 
the  enlargement  of  the 
Grand  Central  Station  and 
yards. 

In  these  buildings  the 
first  and  fourth  stories  were  devoted  to  the  storage  of  wagons,  and 
were  entirely  free  from  posts  or  rods.  The  floors  of  the  third  and 
fourth  stories  were  supported  directly  on  the  bottom  and  top  chords 
of  ordinary  Howe  trusses,  and  the  floor  of  the  second  story  hung 
from  the  trusses  by  rods.  The  roof  over  the  upper  story  was  sup- 
ported by  independent  trusses. 

The  trusses  being  placed  in  the  story  used  for  the  storing  of  fod- 
der, interfered  little  with  the  convenient  use  of  that  space.  The 
rods  in  the  story  below  passed  through  the  stall-posts  and  were  thus 
entirely  out  of  the  way. 

If  only  one  floor  above  the  open  story  is  to  be  supported  it  may 

*  Taken  by  permisyion  from  the  Engineering  Record    Vol.  51,  No.  1, 


Fig.  782.    Section  of  a  Building  Showing  Floors 
Supported  by  Truss. 
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be  hung  directly  from  the  roof-trusses,  as  shown  in  Fig.  781,  which 
illustrates  the  method  of  supporting  the  floor  over  the  auditorium 
in  the  Museum  of  Fine  Arts,*  St.  Louis,  Mo.  In  this  case  the  rods 
A,  A,  A  are  concealed  in  partitions.  Where  the  arrangement  of  the 
stories  will  permit,  it  is  undoubtedly  better  construction  to  support 
the  second  and  third  floors  above  the  open  story  by  means  of  Howe 
trusses,  as  in  Fig.  782,  and  if  there  are  additional  floors  above,  they 
may  be  supported  by  posts  or  columns,  as  shown  in  the  same  figure. 
Placing  the  truss  near  the  lower  part  of  the  building  lessens  the 
weight  borne  by  the  walls  above  and  also  increases  the  stability  of 
the  building,  as  the  truss  acts  also  as  a  brace  to  stiffen  it  against 
swaying  laterally.  Where  trusses  support  several  stories  by  means 
of  columns,  the  latter  should  always  be  of  steel.  When  supporting 
floors  by  means  of  trusses  it  must  be  remembered  that  all  the  weight 
borne  by  them  must  be  transferred  to  the  walls,  and  the  higher  the 
truss  is  placed  the  more  "top-heavy"  the  building  will  be  and 
the  greater  will  be  the  quantity  of  material  required  in  the  piers 
supporting  the  trusses. 

It  is  always  better,  when  the  purpose  of  the  building  will  permit, 
to  support  the  floors  on  columns  running  through  continuously  from 
foundation  to  roof;  and  when  an  open  story  must  be  provided  it 
should  be  placed  as  near  the  top  of  the  building  as  the  conditions 
will  allow.  There  are  numerous  buildings,  however,  in  which  many 
stories  are  supported  by  trusses  in  the  manner  shown  in  Fig.  782; 
and  many  of  the  tallest  buildings  have  the  wall-columns  for  the 
entire  height  of  the  building  supported  on  cantilever  trusses  resting 
on  the  foundation-piers. 

In  the  Crocker  Building, t  San  Francisco,  seven  stories  are  sup- 
ported by   trusses   in   a   manner  very   similar   to  that   shown   in 

Fig.  782. 

The  Schiller  Building,t  Chicago,  containing  the  New  Garrick 
Theater,  has  seven  stories  supported  by  steel  trusses,  the  members 
of  which  are  riveted  and  fire-proofed,  placed  just  over  the  theater 
and  carry  lines  of  columns,  the  ceiling  of  the  theater  being  double- 
fireproofed.  The  construction  of  this  building  was,  in  its  day,  a 
somewhat  startling  procedure  but  now  such  details  are  common- 
places of  architectural  engineering. 

2.  Truss-Rods  and  Suspending-Rods.  As  a  rule,  not  more  than 
one  story  below  the  trusses  should  be  hung  by  rods.  The  manner 
of  securing  the  suspending-rod  from  wood  trusses  is  also  a  matter 

*  Designed  by  Peabody  &   Stearns,   Boston,   Mass. 

t  The  interior  of  this  building  was  gutted  by  the  fire  which  followed  the  earthquake 
of  1906,  but  the  steel  frame  and  outer  walls  were  uninjured  and  the  building  was  reno- 
vated.     It  was  originally  designed  by  Mr.  A.  Page  Brown. 

X  Designed  by  Adler  &  Sullivan  and  erected  in  1892. 
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of  importance.     The  method  shown  in  Fig.  783  is  probably  as  good 
as  any  and  is  comparatively  simple.     The  truss-rods  are  extended 
some  6  inches  or  more  below  the  washer  under  the  tie-beam,  with 
a  thread  turned  the  full  length.     A  nut 
is  then  screwed  on  and  turned  up  until 
the  truss-timbers  are  brought  tightly  to- 
gether, and  then  a  turnbuckle  is  screwed 
on  as  shown.     The   turnbuckle  can  be 
made  larger  at  the  upper  end  than  at  the 
lower,  to  allow  for  the  difference  in  size 
of  the  two  rods.     The  truss-rod,  having 
to  sustain  the   entire   weight   from   the 
suspension-rod   and   also   an   additional 
stress  from  the  truss-timbers,  should  be 
larger  than  the  suspension-rod. 

If  tumbuckles  cannot  be  readily  ob- 
tained, or  the  stress  requires  a  very  large 
truss-rod,  two  rods  may  be  substituted 
for  the  latter,  coming  down  each  side  of 
the  tie-beam  as  shown  in  Fig.  784,  and 

the  suspension-rod  passed  through  the  n-  ,g,.  Method  of  s«uriiw 
tie-beam  and  washer,  with  a  head  or  nut  Su.p«>ding-R«i  to  Wooden 
on  the  upper  end  as  shown.  The  ob- 
jection to  this  method  is  that  the  lower  washer  or  plate  must  pro- 
ject considerably  beyond  the  tie-beam,  and  the  full  load  from  the 
suspension-rod  and  from  the  truss  also  is  brought 
upon  it. 

3.     Suspended   Calleries   or  Balconies.     Galleries 
or  balconies  are  often  hung  from  trusses  by  sus- 
pension-rods in  the  manner  described   above,  thus 
doing  away  with  posts  in  the  room  below.     The  use 
of  posts,  however,  results  in  a  better  construction, 
as  they  carry  the  load  directly  to  the  foundation,  and 
by  giving  a  rigid  support  to  the  gallery  enable  the  lat- 
^«     ter  to  strengthen  the  wall.    With  rods,  on  the  other 
hand,  the  weight  of  the  gallery  is  transferred  to  the 
Fig.  78*.   Secur-     wall  at  a  considerable  distance  above  the  floor,  and 
'in|-Rod""wi"ii-     the  whole  tendency  of  the  construction  is  to  spring 
TurnbKkiM.*''     the  Wall.     Only  those  forms  of  trusses  which  have 
horizontal  tie-beams  should  be  used  for  suspending 
floors  or  galleries. 

4.  Suspended  Floors  and  Sidewalks.  Fig.  785,  which  shows  the 
manner  in  which  the  first  floor,  and  also  the  sidewalk,  is  supported 
between  the  stone  piers  of  the  street-f  rotit  ol  the  Youth's  Companion 
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Building,*  Boston,  Mass.,  is  interesting  as  a  detail  of  this  class  of 
framing.  The  rod  is  suspended  from  a  box-girder  at  the  second-floor 
level,  and  terminates  in  the  nut  on  the  under  side  of  the  steel  beam 
from  which  the  sidewalk-beam  is  hung.  A  short  cast-iron  column  is 
slipped  over  the  rod,  with  its  base  resting  on  top  of  the  I  beam,  and 


Fig.  785.     Detail    of    Framing   of   First   Floor   and   Side- 
walk, "Youth's  Companion  '  Building,  Boston,  Mass. 

supports  the  end  of  the  first-story  trimmer  or  girder,  the  whole 
being  borne  by  the  nut  on  the  end  of  the  rod. 


4,    COMPOUND  AND  TRUSSED  GIRDERS. 

467.  COMPOUND  WOODEN  BEAMS  AND  GIRDERS.f 
The  details  of  the  simple  wooden  girder  have  already  been  consid- 
ered, but  it  sometimes  happens  that  it  is  necessary  to  use  a  girder 
of  longer  span  than  would  be  safe  for  the  deepest  single  beam  that 

*  Designed  by  Hartwell,   Richardson  &   Driver,  Boston,  Mass. 

t  See  "Kidder's  Architects'  and  Builders'  Pocket-Book,"  Chapter  XVII,  "Strength  of 
Built-up.   Flitched  and  Trussed  Wooden  Beamst" 
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Fig.  786.    Flecture  of  Two  Beams   Not  Rigidly 

Joined. 


can  be  obtained;  and  in  such  case,  where  steel  beams  cannot  be 
obtained  without  great  expense,  compound  wooden  beams  are  used. 

By  a  compound  wooden  beam  or  girder,  is  meant  a  beam  built  up 
by  placing  one  beam  on  top  of  another  and  so  connected  that  they 
will  act  as  a  single  beam  having  the  depth  of  the  combined  beams. 

Thus,  if  two  10  by  lo-inch 
beams  were  placed  one  on 
top  of  the  other  and  the  up- 
per one  loaded  at  the  center, 
the  beams  would  act  as  two 
separate  beams  (Fig.  786), 
and  their  combined  strength 
would     be     practically     no 

greater  than  if  the  two  beams  were  placed  side  by  side.  If,  how- 
ever, the  two  beams  can  be  joined  so  that  the  fibers,  of  the  lower 
beam  will  be  extended  as  much  as  would  be  the  case  in  a  single 
beam  of  the  same  depth,  or,  in  other  words,  so  that  the  two  beams 
will  not  slip  on  each  other,  the  compound  beam  will  have  four  times 
the  strength  of  the  single  beam. 

Various  attempts  have  been  made  to  join  beams  thus  placed,  so 
as  to  prevent  the  two  parts  slipping  on  each  other,  but  until  very 
recently  there  has  been  no  experimental  data  to  show  how  far  such 
methods  accomplish  their  object. 

During  the  years  1896-7,  however.  Prof.  Edgar  Kidwell,  of  the 
Michigan  College  of  Mines,  made  an  extended  series  of  tests  of 
the  efficiency  of  compound  beams  of  different  patterns,  and  from 


Fig.   787.     Common  Form  of  Compound  Beams. 

these  tests  much  valuable  data  has  been  obtained.    A  full  descrip- 
tion of  the  tests  accompanied  by  the  conclusions  of  the  author,  and 
rules  and  data  for  proportioning  the  bolts  and  keys,  of  keyed  beams, 
is  published  in  the  "Transactions  of  the  American  Institute  ot  Min- 
ing Engineers,"  Vol.  XXVII. 

Probably  the  most  common  form  of  compout\^W3jc<^»  ^^M^eAvi 
American  building-construction,  is  that  s^oV^^  ^^"^^     h^I^^^^^"^ 
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boards  in  opposite  directions,  being  nailed  to  each  side  of  the  two 
timbers  to  prevent  their  slipping  on  each  other.  Mr.  T.  M.  Qark, 
in  his  "Building  Superintendence,"  advocates  this  as  one  of  the  best 
forms  of  compound  beams,  and  places  its  efficiency  at  about  95 
per  cent  of  a  solid  beam  of  the  same  depth. 

Prof.  Kidwell  made  nine  tests  of  this  style  of  beam,  the  ratio  of  span  to 
depth  of  beam  in  six  of  them  being  as  12  to  i,  and  in  three  of  them  as  24 
to  I.  The  shorter  beams  gave  an  average  efficiency  without  much  variation, 
of  714  per  cent  and  the  longer  beams  an  efficiency  of  80.7  per  cent 

It  was  found  that  the  beams  failed  by  the  splitting  of  the  diagonal  pieces 
or  the  drawing  of  the  nails.  "In  every  case,  long  before  the  beam  broke,  the 
struts  split  open  or  the  nails  were  drawn  partly  out  or  bent  over  in  the  wood, 
thereby  permitting  the  component  beams  to  slide  on  each  other.  It  was 
found  that  no  amount  of  nailing  could  prevent  this/' 

When  built  with  diagonal  boards  1%  inches  thick,  nailed  with  tenpenny 
nails,  as  in  Fig.  787,  the  working-strength  of  such  a  beam  may  be  taken  at 
65  per  cent  of  the  strength  of  a  solid  beam  of  the  same  depth,  and  of  a 
breadth  equal  to  the  breadth  of  the  timbers.    The  deflection  of  the  beam, 
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Fig.  788.     Compound  Keyed  Beam. 

however,  is  about  double  that  of  a  solid  beam  of  the  same  size,  and  on 
that  account  this  type  of  beam  is  not  to  be  recommended  for  supporting 
floors  with  plastered  ceilings  or  for  carrying  plastered  partitions. 

468.  KEYED  BEAMS.*  Prof.  Kidwell  also  tested  several 
styles  of  keyed  beams,  with  the  result  that  a  compound  beam  keyed 
and  bolted  together,  as  shown  in  Fig.  788,  was  found  to  be  the  most 
eflScient  form  that  it  is  practicable  to  build. 

It  was  found  that  with  oak  keys  it  was  possible  to  obtain  an 
efficiency  for  spruce  beams  of  95  per  cent,  while  the  deflection 
varied  from  20  to  25  per  cent  more  than  would  be  expected  in  a 
solid  beam. 

By  using  cast-iron  keys  the  deflection  was  found  to  be  but  little, 
if  any  more,  than  with  a  solid  beam.  The  keys  must  be  wedge- 
shaped,  as  shown  in  Fig.  789,  so  that  they  can  be  driven  tightly 
against  the  end  wood. 

•  See  Kidder's  "Architects'  and  Builders*  Pocket-Book,"   Chapter  XVII.   "Strength  of 
Built-up,  Flitched  and  Trussed  Wooden  Beams." 
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Prof.  Kidwell  recommends  that  for  ordinary  purposes  an  effi- 
ciency of  75  per  cent  be  allowed  when  oak  keys  are  used  and  80 
per  cent  when  the  keys  are  of  cast  iron.  The  width  of  oak  keys 
should  be  twice  their  height.  Numerous  small  keys  closely  spaced 
gave  better  results  than  fewer  large  keys.  In  the  middle  of  the 
span  a  space  equal  to  about  one-quarter  of  the  length  of  the  beam 
should  be  left  free  of  keys,  bolts,  etc.  In  his  report.  Prof.  Kidwell 
also  gives  formulas  for  the  number  and  spacing  of  the  keys. 


IBOLT  ^V^ySHER^ 
A     ELEVATION  OF  20'^BEAM. 


B    PL^N  OF  l4"x^4'SPRUCE  BEAM-3t'SPAN  . 
Fig.  789.     Details  of  Keyed  Beam. 


As  compound  beams,  if  used,  would  probably  be  built  of  either  8,  10,  12 
or  14-inch  timbers,  the  author  prepared  a  table  giving  the  size  of  keys  and 
the  number  required  on  each  side  of  the  middle  and  their  minimum  spacing, 
as  well  as  the  size  of  bolts  and  washers  to  be  used  for  such  beams  vary  in 
spans  from  20  to  36  feet ;  noting  that  the  maximum  load  that  may  be  allowed 
for  such  beams  should  be  taken  at  75  per  cent  of  the  load  as  computed  by  the 
formula, 

safe  load  in  pounds  =  2  X  breadth  X  square  of  depth  X  A 

span  in  feet. 
This  is  the  formula  for  beams  supported  at  both  ends  and  loaded  with  a 
uniformly  distributed  load.  The  term  A  is  the  "constant"  or  "coefficient" 
for  beams.  It  denotes  the  safe  load  for  a  unit-beam  one  inch  square  in  cross- 
section,  one  foot  in  length  and  loaded  in  the  middle  of  the  span;  and  its 
value  is  found  for  different  woods  and  other  materials  by  dividing  the  safe 
unit  fiber-stress  for  flexure  by  18.* 

The  number  and  spacing  of  oak  keys  required  on  each  side  oi  tV\e  center 
of  beams  of  white  pine,  spruce,  Douglas  fir  and  long-\eai   souVhenv  veWoN? 
pine,  for  the  depths  of  beam  shown,  and  the  proper  ^V^es  ot  ^^^^^*  ^^ 
washers  are  as  follows: 

•Sec  Kidder*8  "Architects'  and  Builders'  Pocket-BooW*    Qx^  <r'J-- 
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Beams  and  Keys.                 Bolts.     Washers,      ^l**  Spruce,  '^^f^**  y^liw' 

^'"^  ^'  pine. 

16-anch  beams  1^x8     -inch   keys,     f^-in.         8     -in.          7               8  11              12 

20-         "              Ij4x8     -         *•               )4-"          8     -"           9              11  18               15 

24-         "             2     x4     .         "               jJ-«          854-"           8                »  12               IS 

28-         "             25ix4ji-         "              H'**          «>i-"           »             10  12               14 

Minimum  spacing  of  keys. 

1^4x3     -inch     keys ^-in.        3     -in.     11 5^  in.     11 5^  in.     9       in.     9      in. 

2     x4     -       "  H-"         8     -"      16        ••      16        •*    11 J4    "    11^    " 

25^x4H-       "  ?6-"         3     -"      17        "      17        •'IS        "18        " 

The  breadth  or  thickness  of  compound  beams  should  be  not  less  than  two- 
fifths  of  the  depth.  The  number  of  keys  required  is  not  affected  by  the 
length  or  breadth  of  the  beam,  if  the  beam  is  figured  for  the  full  safe  load. 

In  spacing  the  keys  (Fig.  789)  they  should  not  be  closer  than  the  minimum 
spacing  given  in  the  table.  For  beams  loaded  at  the  center,  the  spacing  of 
the  keys  should  be  uniform  from  X  to  F,  F  being  one-eighth  of  the  span 
from  the  center.  If  the  distance  between  the  keys,  center  to  center,  works 
out  less  than  the  minimum  spacing,  the  safe  load  should  be  correspondingly 
reduced  or  the  thickness  of  the  beam  increased. 

For  beams  uniformly  loaded,  the  first  four  or  five  keys  from  the  ends 
should  be  spaced  for  minimum  spacing,  and  the  spacing  of  the  remaining 
keys  increased  toward  the  point  Y,  When  the  ratio  of  depth  to  span  is 
greater  than  i  to  16,  the  inner  keys  may  extend  a  little  more  than  one-eighth 
of  the  span  from  the  center  for  distributed  loads. 

Fig.  788  shows  the  proper  spacing  of  keys  for  a  20-inch  spruce  beam  of 
28  feet  span  and  for  a  long-leaf  southern  yellow  pine  beam  of  30  feet  span. 
The  following  schedule  gives  the  proper  spacing  of  keys  for  spruce  beams 
(figured  from  the  end  of  the  beam)  of  longer  spans.  For  other  woods  and 
spans  the  spacing  should  be  made  as  nearly  like  these  as  the  fixed  conditions 
will  permit.  Examples  of  key-spacing  are  given  below  for  four  different 
depths  and  four  spans. 

The  sizes  of  bolts  and  washers  to  be  used  are  given  above.  If  the 
beam  is  not  over  10  inches  wide  the  bolts  may  be  arranged  as  for  the  spruce 
beam,  Fig.  788;  if  12  inches  wide  or  over  the  bolts  should  be  staggered  as 
shown  for  the  hard-pine  beam.  In  a  very  wide  beam  the  bolts  might  be 
spaced  as  in  detail  B,  Fig.  789. 

Spacing  of  keys  in  inches,  commencing  at  end,  for  distributed  load: 
16-inch  Spruce  Beam,  ^2  feet  span.    10,  12,  12,  16,  19,  24,  32. 
20-"  "  "      32        "  10, 11^,  11^,  iij^,  12, 12, 13, 13,15, 18,24. 

24-  "  "  "      3(i        "  13,  15,  15.  15,  15,  16,  18,  20,  30. 

28-  "  "  "      36        "  15,  17,  17,  17,  17,  17,  i7»  I7»  I7i  17. 

469.  TRUSSED  BEAMS  AND  GIRDERS,  i.  General 
Construction.  While  compound  beams  may  be  advantageously 
used  under  certain  conditions,  it  will  generally  be  fully  as  econom- 
ical and  much  better  where  there  is  sufficient  height,  to  use  a 
trussed  girder  of  one  'of  the  types  described  below ;  and  when  the 
span  exceeds  30  feet  these  are  generally  the  only  kinds  of  wooden 
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girders  that  will  afford  the  necessary  strength.  Although  steel  I 
beams,  plate  girders,  box  girders  and  steel  trusses  of  light,  rolled 
sections  have  of  late  years  supplanted  flitched  beams,  built-up 


Fig.  790.     Single-Strut  TruBSed  Bcun. 


"^^E 


Double-Stnit  Truued  Be*. 


VilUng  piece.  A 


Fig.  79».    DeUOg  of  "BellyRod"  Tnined  Btim. 


tiJLL 


T^^ 


Fis-  79J.     Sballow  Trusud  Girder. 


wooden  beams  and  trussed  beams  and  girders,  the  latter  forms  are 
occasionally  used  in  some  sections  of  the  country ;  and  a  brief  state- 
ment of  the  principles  of  this  wood  construction  may  be  found  of 
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service  and  the  use  of  the  construction  itself  convenient  and  eco- 
nomical. 

The  most  common  method  of  trussing  wooden  girders  is  by  the 
use  of  a  "belly-rod,"  as  shown  in  Figs.  790  and  791,  the  former 
being  a  single-strut  trussed  beam  and  the  latter  a  double-strut 
trussed  beam. 

Such  girders,  however,  are  often  very  carelessly  used  and  with- 
out any  consideration  of  the  manner  in  which  the  pieces  are  stressed. 
The  most  common  fault  found  in  such  girders  is  that  the  rod  is  not 
large  enough,  and  is  not  placed  at  a  sufficient  depth  below  the 
girder. 

The  author  has  seen  a  pair  of  beams  trussed  with  a  rod  which 
did  not  go  below  the  bottom  of  the  beams,  and  others  in  which  the 
rod  passed  only  a  very  short  distance  below.  Solid  wooden  beams, 
with  the  possible  exception  of  oak  beams,  generally  commence  to 
fail  by  the  crushing  of  the  upper  fibers,  showing  that  the  tensile 
strength  of  the  wood  is  greater  than  its  crushing-strength;  hence 
any  addition  to  its  tensile  strength  is  superfluous  unless  the  upper 
fibers,  also,  are  strengthened.  A  truss-rod,  placed  within  the  depth 
of  a  long  beam,  may  make  it  stiffer,  but  cannot  materially  increase 
its  strength. 

The  proper  use  of  a  belly-rod  requires  such  a  relation  of  the 
depth,  h,  Fig.  790,  to  the  span,  that  the  beam  will  have  to  resist  the 
crushing  stress,  only,  on  the  girder,  while  the  rod  sustains  all  of  the 
tensile  stress. 

Rules  for  determining  the  stresses  in  trussed  beams  and  girders  are  given 
in  Kidder's  "Architects*  and  Builders*  Pocket-Book"  and  in  other  hand- 
books. In  general,  the  magnitude  of  the  stress  in  the  tie- rod  is  proportionate 
to  the  ratio  of  the  length  /  to  the  height  h  (Fig.  790).  The  more  nearly 
the  distance  h  approaches  the  length  t,  the  less  will  be  the  stress  in  the  rod. 
The  distances  I,  h  and  /  should  be  measured  from  the  center-lines  of  the 
pieces. 

The  best  method  of  constructing  a  short  trussed  girder  is  that  shown  in 
Fig.  790.  The  beam  is  made  of  two  timbers,  spaced  about  2  inches  apart, 
or  enough  to  allow  the  rod  to  go  between  them.  A  cast-iron  plate,  of 
which  a  larger  view  is  shown  at  A,  Fig.  792,  should  be  placed  over  the  ends 
of  the  beams  to  hold  the  nut  or  head  of  the  rod.  The  strut,  if  made  of 
wood,  should  be  cut  out  of  a  large  timber  and  tapered  as  shown,  a  tenon 
being  cut  on  the  upper  end  to  go  between  the  beams.  This  tenon  should 
be  secured  by  bolts  passing  through  the  beams.  Only  oak  or  selected  hard 
pine  should  be  used  for  making  this  piece. 

Iron  struts  look  neater,  as  they  may  be  made  much  lighter  in  appearance. 
If  iron  struts  are  used  they  should  be  made  in  the  form  shown  at  B,  Fig. 
792.  The  rod  should  be  bent  to  the  correct  angle  before  it  is  put  in  place, 
and,  unless  a  sleeve-nut  is  provided,  should  have  a  nut  at  each  end,  so  that 
the  rod  may  be  tightened  without  drawing  over  the  end  of  the  strut    Al- 
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thougli  not  absolutely  necessary,  there  should  be  at  least  one  sleeve-nut 
to  assist  in  tightening  the  rod  in  case  there  is  any  settlement  caused  by  the 
shrinkage  of  the  timber.  If  the  stress  in  the  rod  is  found  to  be  greater  than 
24,000  pounds  it  will  be  better  and  more  economical  1o  use  two  rods  instead 
of  one.  When  two  rods  are  used  the  beam  should  be  divided  into  three 
pieces,  so  as  to  leave  two  spaces  for  the  rods.  For  trusses  of  over  20-feet 
span,  two  struts  should  be  used,  as  shown  in  Fig.  791.  By  using  two  struts 
(he  stresses  in  both  the  beam  and  tie  are  materially  reduced,  provided  the 
same  depth  is  given  to  the  truss. 

In  computing  the  size  of  the  beam  it  should  be  remembered  that  this 
acts  both  as  a  strut  and  as  a  simple  beam.  'T^e  span  for  the  beam,  how- 
ever, is  only  from  the  bearing  to  the  strut,  or  between  the  struts,  if  two  are 
used,  as  one  strut  divides  the  beam  into  two  beams,  and  two  struts  divide 
it  into  three  beams  and  these  struts  transmit  the  load  to  the  rod.  When 
girders  are  trussed  in  this  way  the  joists  must  either  rest  on  top  of  the  girder 
or  be  hung  in  stirrup  irons  or  joist-hangers. 

2.  Special  Form  for  Shallow  Girder.  When  it  is  desii^ble  that 
the  girder  shall  project  as  little  as  possible 
below  the  ceiling,  the  form  of  trussed  gird- 
ers shown  in  Fig.  793  may  be  used  to  advan- 
tage. A  cross-section  through  this  girder, 
drawn  to  a  larger  scale,  is  shown  in  Fig.  794. 
This  is  an  economical  method  of  trussing, 
as  only  short  rods  and  bolts  are  used,  which 
can  be  made  in  almost  any  village.  The  top 
of  the  truss,  also,  may  be  kept  flush  with 
the  floor-joists,  and  a  good  bearing  for  the 
latter  still  be  afforded. 

The  principal  requisites  in  the  design  of  such  a 
truss    are   maximum    depth    and   the   development     Fig.  794.    Cross-Section  of 
of  the  full  strength  of  the  joints.    It  should  be  re-  Girder. 

membered  that  the  depth  and  length  of  each  mem- 
ber of  any  truss  are  measured  from  the  center  lines  of  the  members.  In 
order  to  get  the  full  benefit  from  the  trussing,  the  pieces  5  and  B,  Fig.  793. 
must  be  joined  in  such  a  way  that  the  full  horizontal  component  of  the 
thrust  in  the  piece  .9  shall  be  transmitted  to  the  beam  B,  and  neither  timber 
be  materially  weakened.  This  is  best  accomplished  by  making  the  beam  B 
in  two  pieces,  as  shown  in  Fig.  794,  and  letting  the  strut  S  pass  between 
them.    The  three  pieces  should  then  be  well  bolted  together. 

The  rods  transmit  only  a  direct  load,  and  usually  are  not  very  large.  They 
must  be  provided,  however,  with  a  heavy  cast-iron  plate  or  washer  at  the 
bottom,  to  support  the  beams,  and  either  a  cast-iron  or  wrought-iron  bent- 
plate  washer  at  the  top. 

The  girder  shown  in  Fig.  793  is  an  example  of  one  designed  lor  a  clear 
span  of  18  feet.  The  total  depth  of  the  girder  was  limited  to  28  inches, 
12  inches  for  the  joists,  14  inches  for  the  beam  B,  with  2  Vf  3  pieces 
between  them.    The  depth  of  D  was  10  inches    vitoch  gave    i&  '^wAies  lor 
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the  height  R,    The  lengths  of  S  and  B,  by  measurement  on  center  lines,  were 
found  to  be  68  and  66  inches,  respectively.* 

5.    JOINTS  IN  HEAVY  WOODEN  FRAMING. 

470.  COMMON  TIMBER  JOINTS.  The  joints  commonly 
used  in  framing  the  walls  and  partitions  of  wooden  buildings  have 
been  described  in  Chapter  II,  and  those  common  to  interior  work 
and  joinery  in  Chapter  V.  Figs.  795  and  796  of  this  chapter  illus- 
trate the  joints  generally  used  in  heavy,  wood  framing. 

Fi&-  795  shows  a  number  of  common  timber  joints.  "Single 
notching"  is  shown  at  a  in  which  the  post  is  not  cut,  "double  notch- 
ing" at  b  in  which  both  the  post  and  side-pieces  are  notched, 
"halving"  at  c,  a  "butt-joint"  at  d,  a  "bevel- joint"  at  e,  a  "housed 
joint"  at  /,  a  "cogged  joint"  at  g,  "dovetailed  halving"  at  h,  a 
"dapped  joint"  at  i,  a  "double-stepped  joint"  at ;,  a  "beveled-washer 
joint"  at  k,  a  "head-block  joint"  at  /  and  a  "bird's-mouth  joint'* 
at  m, 

471.  COMPRESSION  AND  TENSION  JOINTS.  Fig.  796 
shows  common  "strut-and-beam"  joints,  "compression-joints,"  "ten- 
sion-joints" and  joints  used  for  both  compression  and  tension. 
Drawings  a,  b  and  c  illustrate  the  usual  methods  of  framing  wooden 
beams  and  girders  into  wooden  posts.  (See  also  Arts,  457  to  460, 
and  Articles  475  to  487  relating  to  "Mill-Construction,"  all  in  this 
chapter.) 

In  a,  showing  two  wooden  girders  framed  into  a  wooden  post  and  resting 
also  on  two  steel  angles  bolted  through  the  post  and  spiked  to  the  under 
side  of  the  girders,  the  post  should  not  be  reduced  at  its  smallest  cross- 
section  to  such  an  extent  that  the  unit-compressive  or  bearing-stress  is 
greater  than  that  allowed  for  safe  end-bearing  for  the  kind  of  wood  used. 
Joint  b  shows  a  joint  similar  to  that  shown  in  a,  except  that  wooden  blocks 
take  the  place  of  the  steel  angles  and  additional  wooden  blocks  are  placed 
on  the  other  two  sides  of  the  post  and  in  line  with  the  girders.  The 
lower  blocks  are  "housed"  into  the  post  through  which  they  are  bolted  and 
assist  in  the  support  of  the  girders.  The  upper  blocks  are  bolted  through 
the  girders.  The  lower  blocks  transmit  the  girder-loads  to  the  post  through 
their  lower  ends,  and  as  the  lines  of  action  of  the  resultants  of  pressure 
at  the  top  and  bottom  of  the  block  pass  through  the  middle  of  areas  of 
different  widths,  they  do  not  coincide  and  consequently  form  a  "mechanical 
couple,"  the  moment  of  which  is  equal  to  the  load  from  the  girder  multiplied 
by  the  normal  distance  apart  of  these  lines  of  action.  These  couples  tend 
to  turn  the  lower  blocks  outward  at  the  top  and  the  tendency  is  resisted  by 

*  For  formulas  and  methods  of  calculating  the  stresses  in  the  members  of  trussed 
beams  of  this  and  other  forms,  the  correct  dimensions  of  the  different  parts  and  iUus- 
trative  examples  worked  out  in  detail,  the  reader  is  referred  to  Kidder's  "Architects' 
and  Builders'  Pocket-Book,"  Chapter  XVII. 
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other  couples  tending  to  cause  revolution  in  the  opposite  direction  and 
consisting  of  the  tensional  stress  in  the  bolts  multiplied  by  an  arm  which 
is  equal  to  two-thirds  the  vertical  distance  from  the  bottom  of  the  block 
to  a  point  halfway  between  the  two  bolts.  The  washers  used  with  the  bolts 
should  be  so  designed  that  the  tensional  stress  in  the  bolts  shall  not  develop 
a  greater  side-grain  unit  compression-stress  than  that  allowed  for  the 
kind  of  wood  used.  Joint  c  shows  a  framing  of  wooden  post  and  girder 
similar  to  that  of  joints  a  and  b,  with  the  end-bearing  area  of  the  girders 
increased  by  channels  or  bent  plates  spiked  to  the  under  side  of  the  girders. 
They  transmit  the  girder-loads  through  bolts  to  the  steel  side-plates  which 
in  turn  transmit  the  loads  through  additional  bolts  passing  through  the  post. 

Drawing  d  of  Fig.  796  shows  what  is  known  as  a  "dapped  compression- 
joint."  The  load  is  transferred  from  the  middle  timber  to  the  two  outside 
timbers  through  the  intermediate  block  which  is  notched  into  the  latter 
and  secured  by  four  bolts  as  shown.  The  length  of  the  block  in  the  direc- 
tion of  the  timbers  must  be  such  that  it  cannot  shear  along  sections  in  the 
plane  of  the  sides  of  the  middle  timber.  Hard  woods,  such  as  white  oak 
are  used  for  the  blocks.  The  depth  of  the  notching  into  the  side  timbers  is 
determined  by  the  required  bearing-surface  for  safe  compression  for  the 
wood  used  for  the  timbers.  The  outside  timbers  usually  have  the  same 
cross-section  as  the  middle  timber.  When,  however,  the  slenderness-ratio, 
that  is,  the  ratio  of  the  length  to  the  smaller  dimension  of  the  cross-section, 
of  the  outside  timbers  considered  as  columns  is  greater  than  that  for  the 
middle  timber,  the  sizes  must  be  proportioned  to  satisfy  the  column-.formula. 
The  bolts  and  washers  are  for  the  purpose  of  clamping  the  joint  tightly 
and  holding  the  block  firmly  in  place.  Drawing  ^  is  a  detail  of  a  'lialf-lap 
compression-joint,"  with  wood  pieces  or  plates  bolted  on  the  sides  through 
the  joined  timbers  and  called  "fishplates." 

The  rest  of  the  drawings,  /  to  r,  of  Fig.  796,  with  the  exception  of  ;  and  k, 
are  examples  of  "tension-joints."  Joints  i,  j  and  k  are  used  for  both  compres- 
sion and  tension,  and  sometimes  for  flexure.  Joint  /  represents  a  "simple 
bolted  tension- joint"  for  timbers.  The  sum  of  the  cross-sectional  areas  of 
the  two  outside  pieces  is  equal  to  the  section-area  of  the  middle  piece.  Cast- 
iron  washers  of  standard  size  and  shape  are  generally  used  with  these 
joints  as  the  bolts  are  not  subjected  to  tension,  but  to  shear,  flexure  and 
compression  or  bearing.  Tables  have  been  compiled  for  these  and  other 
types  of  joints  giving  the  safe  bearing,  safe  uniform  load,  and  safe  stresses 
for  shear,  tension  and  resisting  moment  for  bolts  of  different  diameters 
from  J4  an  inch  to  3  inches  and  for  timbers  from  i  to  10  inches  or  more  in 
width.  The  safe  bearing-loads  of  the  bolts  on  the  end-grain  and 
side-grain  are  usually  based  upon  a  safe  end-grain  bearing  of  1000  and  on 
a  safe  'side-grain  bearing  of  100  pounds  per  square  inch.  For  flexure  of 
the  bolts  the  safe  uniform  loads  are  usually  based  upon* an  extreme  safe 
fiber-stress  of  22,500  pounds  per  square  inch.  Other  unit  stresses  used  in 
these  tables  are,  for  tension  in  the  bolts,  16,000  and  for  shear,  10,000  pounds 
per  square  inch.  Safe  loads  for  other  allowed  unit  stresses  may  be  ob- 
tained by  proportion.  Bolts  of  circular  cross-section  are  generally  used, 
although  those  of  square  section  are  occasionally  employed  when  the  question 
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^f  cost  is  not  considered.  These  square-section  bolts  present  a  greater 
relative  bearing-area  against  the  wood  and  in  the  case  of  several  bolts 
reduce  the  required  number.  The  flexure  of  the  bolts  is  disregarded  in  the 
joint-design  when  the  thickness  of  the  timbers  is  less  than  3  inches.  The 
bolts  should  always  be  made  to  pull  the  timbers  as  tightly  together  as 
possible  to  resist  any  tendency  of  the  side  pieces  to  buckle  and  also  to 
assist  in  keeping  out  moisture. 

Drawings  g  and  h,  of  Fig.  796,  are  "plain  fishplate  joints/'  the  side 
plates  being  of  wood  in  g  and  of  metal  in  h.  The  methods  used  in  design- 
ing the  two  joints  are  similar  except  that  the  bearing  and  other  strength- 
values  for  the  metal  fishplates  must  be  taken  into  account. 

Drawing  t  is  a  "simple  lap-joint"  with  four  bolts  and  three  round  hard- 
wood or  metal  keys,  used  to  increase  the  resistance  of  the  bolts  to  shearing. 
Joints  of  this  kind  have  relatively  little  strength,  but  because  they  are  cheap 
and  easily  made  they  are  used  for  temporary  construction. 

Drawings  /  and  k  are  what  are  known  as  "scarf-joints/'  and  connect  the 
timbers  longitudinally  by  means  of  bolts  and  keys,  the  wood  being  cut  in 
different  ways  as  shown.  These  joints  are  used  for  both  tension  and  com- 
pression-members. They  are  more  efficient  for  members  in  which  the  pre- 
dominating stresses  are  those  of  compression  but  in  which  an  occasional 
reversal  of  stress  to  tension  takes  place.  For  tension,  however,  the  fishplate 
joint  is  more  efficient.  These  scarf-joints  are  sometimes  used  to  resist 
flexure. 

Drawings  I,  m  and  n  are  "tabled  joints"  used  to  transmit  tension  in 
heavy,  permanent,  timber-construction  in  which  the  best  styles  of  tension- 
joints  are  required.  In  7  is  shown  a  "tabled  fishplate  joint"  in  which  the 
outside  plates  transmit  the  full  tension  of  the  middle  timber  across  the  joint 
by  means  of  the  rectangular  projections  of  the  members  into  each  other. 
These  projections  are  called  "tables."  Four  tables  are  shown  in  each  fish- 
plate, two  on  either  side  of  the  middle  of  the  joint,  and  their  length  is 
determined  by  the  shearing-resistance  of  the  wood  parallel  to  the  grain. 
In  the  plain  fishplate  joints,  shown  in  g  and  h,  the  bolts  transmit  stresses 
by  flexure,  but  in  the  tabled  fishplate  joints  they  transmit  them  by  tension. 
Mechanical  couples  are  formed  by  the  forces  of  tension  in  the  fishplate  and 
of  compression  upon  the  shoulders  of  the  tables  which  are  resisted  by 
other  couples  acting  in  an  opposite  direction  and  formed  by  the  forces  of 
tension  in  the  adjacent  bolts  and  of  compression  parallel  to  the  bolts  in  the 
adjacent  portion  of  fishplate  and  middle  timber.* 

Drawing  m  shows  a  "scarf-tabled  fishplate  joint"  which  is  a  modification 
of  the  joint  shown  in  /.  It  will  be  noticed,  in  comparing  these  two  joints 
that  in  /  the  bolts  pass  through  the  section  of  minimum  cross-sectional  area 
of  the  middle  timber  or  of  the  fishplate,  while  in  m  they  do  not  pass  through 
these  minimum  areas.  For  this  reason,  in  the  latter  joint,  the  area  of  the 
bolts   is   not   always   deducted    from   the  timber-areas   in  designing  it   for 

*  Full  discussions  of  the  mechanicar  principles  involved  in  the  design  of  heavy,  timber 
joints  and  illustrative  examples  showing  the  practical  application  of  these  principles  to 
actual  problems  of  construction  will  be  found  in  the  various  architects*  and  engineers' 
hand-books. 
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sufficient  strength.  On  account  of  the  additional  labor  required  in  care- 
fully cutting  and  fitting  the  pieces  this  joint  is  relatively  expensive. 

Drawing  n  shows  an  "eccentric,  tabled,  fishplate  joint,"  in  which  one 
outside  timber  is  continuous  and  the  other  outside  timber  is  spliced  by  the 
middle  piece.  Three  of  the  timbers  are  "tabled"  and  all  four  are  securely 
bolted  together. 

Drawings  0,  p,  q  and  r  illustrate  other  types  of  "fished  joints"  and  "keyed 
joints,"  o  and  r  being  "scarfed,"  0  having  metal  fishplates  with  the  ends  let 
into  the  timbers  and  the  others  having  wooden  fishplates.  In  q  the  keys  are 
circular  in  cross-section  and  in  the  others  they  are  rectangular.  The  ar- 
rangements of  the  bolts  are  the  ones  usually  employed.  Drawing  q  shows 
an  "eccentric  joint,"  as  one  outside  timber  is  continuous  and  the  other  out- 
side piece  is  a  short  splice  for  the  two  middle  timbers. 

472.  WOODEN-TRUSS  JOINTS.  These  joints  include  many 
of  those  considered  in  the  two  preceding  articles.  For  other  joints 
common  to  wooden  trusses,  in  all  their  design  and  detailed  con- 
struction the  reader  is  referred  to  Kidder's  "Building  Construction 
and  Superintendence,  Part  III,  Trussed  Roofs  and  Roof  Trusses" 
and  Kidder's  "Architects'  and  Builders'  Pocket-Book,"  Chapter 
XXVIII. 

6.    SIDEWALK-PLATFORMS,  BRIDGES  AND  SHEDS. 

473.  SIDEWALK-PLATFORMS  AND  BRIDGES.  In  many 
cities  the  building  codes  require  the  construction  of  sidewalk-plat- 
forms, bridges  and  sheds  along  the  street-fronts  of  building-opera- 
tions for  the  protection  of  passing  people.  Figs.  797,*  798*  and 
799  t  show  the  form,  dimensions  and  details  of  common  types  of 
such  structures  as  they  are  usually  built. 

Fig.  798  is  an  elevation  and  797  a  cross-section  of  one  type  of 
sidewalk  and  bridge  which  are  constructed  in  the  following  man- 
ner: 

The  material  used  is  generally  yellow  pine.  The  example  shown  is  10 
feet  in  width  and  14  feet  in  height.  For  the  platform  the  uprights  are 
12  by  12  inches  in  section,  set  8  feet  on  centers;  the  plates  12  by  14  inches; 
and  the  sills  6  by  12  or  12  by  12  inches,  securely  bolted  to  both  sides  of 
the  uprights.  All  pieces  are  well  bolted  together  and  braced  at  all  angles 
by  2  by  6-inch  planks  securely  spiked.  The  floor  of  the  platform  is  made 
of  4  by  12-inch  planks  laid  flatwise  and  well  spiked  to  10  by  12-inch  cross- 
timbers  set  4  feet  apart  and  well  spiked  to  the  plates.  The  bridge  under 
the  platform  is  made  of  3  by  12-inch  planks  laid  flatwise  and  well  spiked 
to  either  6  by  12-inch  sills  or  to  6  by  8-inch  cross-titxvVjers  seX  \  ^^^  a^^itt 

•  Redrawn   and   adapted   by   permission    from    Professor    Q^    p    ^ar«^^*  ""Pvate*  ou 
Building'Construction."  *  ..    „ 

t  Reproduced  by  permission  from  a  special  circular  relatiutt  v  As    **^^"^    !\    .    ^^* 

issued  by   The   Bureau  of  Buildings  for  the   Borough    oi  \^^  '''^'^^  "^** 

February  5,  1910.  ^^V\\X>^* 
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and  spiked  to  sills.  Suitable  steps  are  provided  at  each  end  as  shown.  A 
strong  hand-rail,  also,  is  usually  placed  along  the  outside  of  the  steps  and 
bridge,  all  well  braced,  bolted  and  fastened.  Over  the  bridge  is  a  roof 
of  2  by  9-inch  planks  laid  double  and  with  a  12-inch  pitch  and  spiked  to 
the  uprights. 
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Fig.  797.     Sidewalk-Platform 
and   Bridge.     Section. 


Fig.  798.     Sidewalk-Platform  and 
Bridge.     Elevation. 
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Fig.  799.     Shed  Over  Sidewalk. 

474.  SHEDS  OVER  SIDEWALKS.  Fig.  799  shows  an  ele- 
vation and  section  of  a  portion  of  a  shed  over  a  sidewalk  designed 
in  accordance  with  the  requirements  of  the  Bureau  of  Buildings  for 
the  Borough  of  Manhattan,  New  York.  The  general  requirements 
are  as  follows: 
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The  shed  must  extend  from  building-line  to  curb  and  must  be  erected  as 
soon  as  practicable  after  the  building-operation  is  started  and  must  be 
completed  before  any  part  of  the  construction  is  carried  more  than  35  feet 
above  the  curb.  The  material  must  be  good  sound  timber  and  all  work 
must  be  done  in  a  substantial  manner  and  securely  bolted  or  spiked.  The 
girders  and  sills  are  fastened  to  the  posts  by  means  of  battens  not  less 
than  2  inches  thick  and  with  not  less  than  two  twentypenny  spikes  in  each 
member  connected.  The  structure  is  braced  by  means  of  knee-braces  both 
longitudinally  and  across,  at  every  post;  the  braces  are  placed  at  an  angle 
of  about  45  degrees  and  connect  with  the  posts,  beams  and  girders;  and 
the  point  of  connection  with  the  posts  is  not  less  than  3  feet  below  the  top. 
The  braces  are  not  less  than  6  by  2  inches  in  cross-section  and  there  are 
not  less  than  two  twentypenny  spikes  in  each  member  connected.  The 
flooring  is  spiked  to  the  cross-beams  by  a  sufficient  number  of  twentypenny 
spikes  to  hold  the  flooring  securely  in  place. 

For  buildings  exceeding  100  feet  in  height,  and  where  the  sklewalks  are 
10  feet  or  less  in  width,  the  beams  are  not  less  than  10  by  3  inches  in 
cross-section  and  spaced  not  to  exceed  2  feet  on  centers;  girders  not  less 
than  8  by  8  inches;  posts  not  less  than  8  by  8  inches,  spaced  not  to  exceed 
8  feet  on  centers;  sills  not  less  than  8  by  6  inches,  and  flooring  not  less 
than  2  inches  in  thickness. 

For  buildings  exceeding  100  feet  in  height,  and  where  sidewalks  are 
more  than  10  feet  in  width,  the  beams  are  not  less  than  10  by  4  inches  in 
cross-section,  spaced  not  to  exceed  2  feet  on  centers;  girders  not  less  than 
8  by  8  inches;  posts  not  less  than  8  by  8  inches,  spaced  not  to  exceed  8  feet 
on  centers;  sills  not  less  than  8  by  6  inches,  and  flooring  not  less  than  2 
inches  in  thickness. 

For  buildings  exceeding  65  feet  and  less  than  100  feet  in  height,  and 
where  sidewalks  are  10  feet  or  less  in  width,  the  beams  are  not  less  than 
8  by  3  inches  in  cross-section,  spaced  not  to  exceed  2  feet  on  centers; 
girders  not  less  than  8  by  8  inches ;  posts  not  less  than  8  by  8  inches,  spaced 
not  to  exceed  8  feet  on  centers;  sills  not  less  than  8  by  6  inches;  and  floor- 
ing not  less  than  2  inches  in  thickness. 

For  buildings  exceeding  65  feet  and  less  than  100  feet  in  height,  and 
where  sidewalks  are  over  10  feet  in  width,  the  beams  are  not  less  than 
10  by  3  inches  in  cross-section,  spaced  not  to  exceed  2  feet  on  centers; 
girders  not  less  than  8  by  8  inches ;  posts  not  less  than  8  by  8  inches,  spaced 
not  to  exceed  8  feet  on  centers;  sills  not  less  than  8  by  6  inches;  and 
flooring  not  less  than  2  inches  in  thickness. 

These  requirements  are  for  ordinary  conditions.  If  extraordinary  loads 
are  to  be  placed  on  the  shed,  heavier  timbers  are  used.  Deviations  from 
the  requirements  are  permitted,  provided  the  same  strength  of  construction 
is  secured;  but  all  such  cases  have  to  be  reported  to  the  chief  inspector 
or  superintendent  for  approval. 

The  general  requirements  for  sheds  over  sidewalks  in  other  cities 
vary  in  some  details  from  those  given  above  and  taken  from  the 
building  code  of  the  Borough  of  Manhattan,  New  York; but  tVvey  all 
agree  in  essential  particulars. 
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7.    MILL-CONSTRUCTION.* 

475.  GENERAL  PRINCIPLES  AND  DEFINITIONS  OF 
MILL-CONSTRUCTION.  Within  the  past  few  years,  it  has  be- 
come quite  common  to  frame  the  floors  of  mercantile,  factory  and 
warehouse-buildings,  and  sometimes  of  office-buildings,  according 
to  the  method  known  as  "mill-construction,"  sometimes  called  ''slow- 
burning  construction.*'  While  mill-construction  should  be  slow- 
burning,  it  differs  widely  from  slow-burning  construction  as  now 
defined  in  some  of  the  building  ordinances.  Mill-construction  ap- 
plies only  to  those  buildings  in  which  no  small  timbers  are  used, 
and  in  which  the  floor-beams  and  girders  have  a  sectional  area  of  at 
least  72  square  inches  and  the  posts  a  sectional  area  of  at  least 
64  square  inches;  while  in  slow-burning  construction,  floor-joists 
of  much  less  sectional  area  are  used,  and  the  slow-burning  result  is 
obtained  by  protecting  all  woodwork  with  metal  lath  and  plaster, 
plaster-boards,  or  other  equally  fire-resisting  materials  and  by 
placing  fire-stops  wherever  practicable.  The  actual  construction 
required  by  building  ordinances  for  slow-burning  buildings  is  the 
same  as  for  the  ordinary  construction,  described  in  Arts.  455  to  463, 
although  ordinary  wood  partitions  or  wood  furrings  of  all  kinds  are 
not  permitted. 

476.  ESSENTIAL  REQUIREMENTS  OF  MILL-CON- 
STRUCTION. The  essential  requirements  of  mill-construction,  in 
regard  to  its  resistance  to  taking  fire,  retarding  the  progress  of 
flames  and  preventing  the  building  from  being  totally  destroyed  in 
case  a  fire  gains  headway,  are,  that  all  the  pieces  of  the  wooden  con- 
struction shall  be  of  large  dimensions  and  so  arranged  that  there 
will  be  no  spaces  for  flame  to  pass  through,  and  no  opportunity  for 
dust  and  dirt  to  collect.  The  underflooring  should  be  plank,  the 
floor-beams  and  girders  should  be  self -releasing  from  the  walls  and 
the  posts  should  not  depend  entirely  upon  the  beams  and  girders  to 
keep  them  in  position.  No  furring  of  any  kind,  except  metal  lath 
and  plaster,  should  be  used  in  the  building,  and  all  partitions  should 
be  of  incombustible  materials.  When  ceilings  are  desired,  they 
should  be  of  metal  lath  and  plaster  placed  directly  against  the 
beams  and  floor-planks,  without  air-spaces  and  should  follow  the 
contour  of  the  ceiling.  Large  timbers  and  thick  flooring  are  slow 
to  take  fire  and  burn  very  slowly.  The  avoidance  of  air-spaces 
greatly  retards  the  spreading  of  a  fire  and  enables  the  firemen  to 

•  The  editor  is  indebted  for  most  of  the  data  on  Mill-Construction  to  Mr.  A.  P. 
Stradling,  Superintendent  of  the  Survey  Department  of  the  Philadelphia  Fire  Under- 
writers' Association,  Philadelphia,  and  Associate  Editor  of  the  Chapter  on  "Wooden 
Mill  and  Warehouse-Construction,"  in  Kidder's  Architects'  and  Builders'  Pocket-Book. 
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direct  streams  of  water  against  all  parts  of  the  burning  construc- 
tion. 

477-  FIRST  EXAMPLES  OF  MILL-CONSTRUCTION. 
Mill-construction,  as  the  term  signifies,  was  first  used  in  mills  and 
in  large  woolen  and  cotton-mills  of  New  England,  and  advocated 
by  the  Boston  Manufacturers'  Mutual  Fire  Insurance  Company,  of 
Boston,  Mass. 

478.  THE  FLOORS  OF  MILL-CONSTRUCTION.  Fig. 
800  shows  the  manner  in  which  the  floors  are  constructed  and  sup- 
ported in  mills  built  on  this  principle.  The  posts  are  spaced  8  feet 
apart,  endwise  of  the  building,  and  from  20  to  25  feet  the  other 


way.  There  are  no  longitudinal  girders,  the  floor-beams,  which  are 
usually  12  by  14-inch  long-leaf  yellow  pine  timbers,  resting  on  post- 
caps  as  shown.  The  underfloor  on  the  beams  is  constructed  of 
3-inch  planks,  each  not  over  9  inches  wide,  planed  both  sides  and 
grooved  on  both  edges.  The  grooves  are  filled  with  strips  of  hard 
pine,  called  "splines,"  about  ^  of  an  inch  by  lyi  inches  in  cross-sec- 
tion. The  splines  take  the  place  of  the  tongues  in  matched  boarding. 
In  nailing  the  planks,  it  is  better  to  blind-nail  them,  after  the  manner 
of  nailing  matched  flooring  in  dwellings,  as  this  allows  the  planks  to 
shrink  or  swell  without  cracking  and  without  splitting  the  splines. 
The  planks  are  two  bays  in  length,  breaking  joints  at  least  every  3 
feet.  The  overflooring  is  generally  of  some  haid  'wood,  usually 
maple,  from  1  to  i>^  inches  in  thickness,  matched,  ^.nA  s\\ouW  be 
laid  diagonally  to  the  planks,  affording  a  smoQVl^YtT   sMt\a.«.,  and  a 


726 


BUILDING-CONSTRUCTION. 


(Ch.  VII) 


better  distribution  of  the  load.  Between  the  underfloor  and  the 
overfloor  or  "wearing  floor,"  should  be  placed  three  thicknesses  of 
tarred  paper,  mopped  with  pitch  or  other  approved  materials,  and 
laid  so  as  to  break  joints.  The  edges  of  the  planks  should  be  kept 
clear  of  the  faces  of  the  brick  walls  by  about  yi  an  inch,  to 
prevent  the  cracking  of  the  latter  by  the  swelling  of  the  planks. 
These  cracks  should  be  covered  by  light  battens  both  above  and 
below. 
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479.  WOODEN  POSTS  IN  MILL-CONSTRUCTION.  In 
the  original  mill-construction,  the  posts  were  usually  made  circular  in 
cross-section  and  tapered,  and  each  post  in  the  upper  stories,  instead 
of  resting  on  the  cap  of  the  post  below,  either  rested  on  the  girder 
or  on  a  cross-shaped  "pintle"  cut  in  between  the  ends  of  the  girders. 
These  methods  have  now  given  place  to  those  using  posts  of  square 
cross-section  and  resting  on  large  bearing-plates,,  as  shown  in  Figs. 
754,  etc. 

480.  TYPES  AND  DETAILS  OF  MILL-CONSTRUCTION. 
Fig.  801  illustrates  various  types  of  mill-construction  now  in  use. 
The  first  story  shows  large  girders  with  a  solid,  mill-floor.  The 
girders  are  framed  into  wall-hangers  so  as  to  be  self-releasing  at 
the  walls  and  are  carried  at  the  posts  by  steel  post-caps.  The  upper 
posts  rest  directly  on  the  post-caps,  the  side  plates  of  each  post-cap 
forming  a  complete  tie  for  the  girders  and  posts.  The  entire  con- 
struction is  securely  fastened  together  by  lag-screws.  The  second 
story  shows  the  girders  which  bear  on  the  walls,  carried  in  wall- 
boxes  and  this  construction,  also,  is  self -releasing  in  case  of  fire. 
The  joists  are  carried  by  the  girders  by  means  of  joist-hangers  of 
the  "Duplex"  or  steel-hanger  type.  The  post-caps  are  "four-way," 
that  is,  the  girders  frame  in  on  two  opposite  sides  and  the  beams  at 
right-angles  on  the  other  two  opposite  sides.  The  brackets  riveted 
to  the  side-plates  for  carrying  the  floor-beams  are  placed  so  as  to 
bring  the  beams  to  the  desired  floor-level.  Care  should  be  taken 
that  the  joists  are  framed  higher  than  the  girders  to  provide  for 
shrinkage,  which,  in  the  steel-hanger  type,  is  greater  than  in  the 
"Duplex"-hanger  type.  The  third  story  shows  the  girder  carried 
on  a  wall-plate  built  into  the  wall.  The  girder  is  beveled  at  the 
end,  so  as  to  be  self-releasing  in  case  of  fire  and  arranged  to  fall 
without  pulling  the  wall  over.  In  this  particular  example,  the 
beams  are  carried  on  top  of  the  girders,  which  is  not  considered 
good  construction. 

Factories  and  warehouses  are  often  built  with  transverse  beams 
placed  from  8  to  10  feet  apart  and  the  spaces  spanned  by  flooring 
from  4  to  6  inches  thick;  but  the  more  common  method  is  the  one 
involving  the  use  of  one  or  more  longitudinal  girders  supporting 
floor-beams  spaced  as  far  apart  as  the  load  will  permit  and  prefer- 
ably not  less  than  8  feet  on  centers.  No  metal,  structural  timbers 
should  be  used  in  a  building  of  this  type;  but  owing  lo  growing 
scarcity  of  heavy  lumber,  it  is  often  necessary  to  substitute  steel 
beams  and  girders,  which,  in  every  instance,  sV\OM\d  ^^  MJcvoxou^Vy 
fire-proofed. 

Figs.  802,  803,  804  and  805  show  various    ^^^.^^    o^  \sS\-cotv. 
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struction  with  the  different  designs  of  post-bases,  post-caps,  wall- 
boxes,  wall-hangers,  wall-plates  and  joist-hangers. 

Fig.  806  shows  the  use  of  I-beam  girders  with  wooden  columns 
and  wooden  beams. 


U  ill-Construction. 


481.    JOIST-HANGERS  AND  STIRRUPS  IN  MILL-CON- 
STRUCTION.    To  render  the  construction  and  particularly  the 
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girders  slow-burning,  it  is  important  that  there  are  no  hollow  spaces 
between  the  upper  surface  of  the  girders  and  the  flooring,  and  that 
the  upper  surface  of  the  floor-beams  is  flush  with  that  of  the  gird- 


yy^^r^A 


>^>/^^>^^^^>>v^^ 
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Fig.  805.     Mill-Construction.     Various  Types  and  Details. 

ers.     This,  of  course,  necessitates  "framing"  iVve  floor -bt^ms  lo  l\ie 
girders.     For  heavy  construction  the  only  Vcitvd  oi  i'TSLttCvw?,  >iJtv^X.  \& 
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permissible  is  one  in  which  some  form  of  joist-hanger  is  used.  The 
various  forms  of  joist-hangers  now  in  the  market  have  been  illus- 
trated and  commented  upon  in  Arts.  96  to  103  and  Art.  480.  When 
the  floor-beams  are  6  by  12  inches,  or  larger  in  cross-section,  and  the 
girders  are  of  wood,  the  author  would  give  preference  to  the  "Du- 
plex" hanger. 

The  ends  of  all  headers  6  feet  or  more  in  length  should  be  car- 
ried in  joist-hangers  or  stirrups,  and  in  warehouses  and  all  first- 
class  buildings  all  framing  should  be  done  by  means  of  joist-hang- 
ers. If  the  stirrups  are  employed,  iron  of  the  following  sizes  should 
be  used  for  the  corresponding  sizes  of  joists  to  be  supported: 

Sizes  of  joists.  Sizes  of  stirrup-irons. 

From  2X  8  to  3X10  inches,  54X2^^  inches. 

From  3X12  to  6X12  inches,  ^X3      inches. 

From  4X12  to  4X14  inches,  5^X35^  inches. 

From  6X14  inches,  5^X4      inches. 

From  8X14  to  10X14  inches,  ^X4      inches. 

Aside  from  the  matter  of  strength,  there  are  objections  to  the  use 
of  stirrups.  If  the  timber  on  which  they  rest  is  not  perfectly  dry 
the  stirrups  will  settle  an  amount  equal  to  the  shrinkage  of  the 
beam  on  which  they  rest,  letting  the  header  down  with  them.  The 
projection  of  the  iron,  also,  above  the  top  of  the  timber  necessitates 
cutting  out  the  flooring,  and  when  stirrups  are  exposed  they  do  not 
present  a  neat  appearance.  When  "Duplex*'  hangers  are  used  the 
effect  of  shrinkage 'is  reduced  one-half  and  the  other  two  objec- 
tions to  the  stirrup,  previously  mentioned,  are  overcome.  The 
"Duplex"  hanger  has  ridges  on  the  inside  of  the  side  brackets  to  . 
hold  the  beam. 

482.  POST-CAPS,  WALL-BOXES,  ETC.,  IN  MILL-CON- 
STRUCTION. Fig.  807*  illustrates  other  forms  of  post-caps. 
The  post-caps  shown  for  the  first-story  floor  and  roof  are  of  heavy 
cast  iron.  The  post-cap  illustrated  for  the  middle-story  posts  is 
also  of  cast  iron  and  is  what  is  known  as  the  "pintle-type."  The 
girders  are  anchored  in  the  wall  at  the  first-story  floor-level  as 
shown,  in  wall-boxes,  the  middle  story  showing  the  girder  in  an  ap- 
proved type  of  self -releasing  wall-hanger,  while  in  the  roof  the 
ordinary  wall-plate  anchor  is  shown.  Fig.  808  shows  a  laminated- 
floor  construction,  the  construction  around  the  post  being  supported 
on  angles, 'which  serve  also  to  tie  the  girders. 

The  roofs  of  these  mills  are  generally  flat  and  are  iramed  in  the 
same  way  as  the  floors,  but  with  lighter  timbers  and  2Vi-mch 
roofing-planks. 

•  Redrawn  and   reproduced   by  permission   of   Professor     Qv^  \      "P-    ^^^^^"^    ^^^"^ 
plates  on  the  "Development  of  Building-Construction." 
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Fig.  808.     Mill-Construction.     Laminated 

Floor. 


483.  MILL-CONSTRUCTION  APPLIED  TO  STORES, 
OFFICE-BUILDINGS,  ETC.  In  applying  the  principles  of  mill- 
construction  to  stores  and  office-buildings,  it  is  necessary  to  deviate 

considerably  from  the  original 
mill-method  of  framing.  In 
stores  it  is  desirable  to  have  as 
few  posts  as  possible  and  this 
necessitates  longitudinal  gird- 
ers and  very  often  iron  col- 
umns. In  office-buildings  it  is 
generally  practicable  to  locate 
the  posts  so  that  they  will 
come  in  the  partitions;  and  as 
the  rooms  or  offices  are  gener- 
ally about  12  or  14  feet  wide, 
the  method  of  framing  usually 
adopted  is  that  shown  in  Fig. 
772.  When  the  posts  are 
placed  over  8  feet  apart,  ne- 
cessitating a  longitudinal  gird- 
er, it  is  more  economical  to  space  the  floor-beams  about  4  feet 
on  centers,  as  this  permits  the  use  of  2-inch  planks  for  the  under- 
flooring.  If  the  building  is  several  stories  in  height  it  may  be  ne- 
cessary to  use  iron  or  steel  columns,  as  wooden  posts  might  take 
up  too  much  room  for  this  class  of  buildings.  If  the  columns  or 
posts  come  in  partitions,  or  are  to  be  fire-proofed,  the  square  sec- 
tion makes  the  best  shape  for  a  cast-iron  column.  Iron  columns 
should  always  be  protected  with  fire-proof  material,  as  they  will  not 
stand  in  a  fire  as  long  as  wooden  posts. 

The  floor-beams  and  girders  should  always  be  flush  on  top,  and 
the  former  should  be  hung  from  the  latter  by  malleable-iron  hang- 
ers, steel  hangers  or  stirrup-irons,  with  joint-bolts  or  anchors  on  at 
least  every  other  beam.  The  underflooring,  if  of  2-inch  spruce 
planks,  will  be  cheaper  if  tongued  and  grooved  than  if  splined.  It 
is  also  better  to  lay  the  flooring  diagonally,  as  this  stiffens  the  build- 
ing and  gives  a  better  surface  on  which  to  lay  the  finished  flooring, 
which  should  run  at  right-angles  to  the  beams.  A  layer  of  some 
fire-proof  lining,  such  as  "Salamander,"  should  always  be  placed 
between  the  planks  and  the  upperflooring  or  wearing-flooring  in  all 
first-class  buildings. 

When  the  span  of  the  girders  is  too  great  to  make  ^t  ^\^cl\e3b\e 
to  use  wooden  girders,  I-beam  girders  are  generaWv  us^^-   'IVv^ noxi- 
ous forms  of  I-beam-girder  constructions   a.T^  ^\sC^^^^^  ^"^     ^ 
103,  480  and  485,  and  the  beams  are  suspetiA^^  ^   ^^t,^'^^^'^^ 
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I-beam  girders  as  illustrated  therein.  The  girders  should  be  cov- 
ered with  metal-lath  and  plaster.  As  it  is  practically  impossible  to 
give  a  neat  finish  to  the  under  side  of  mill-floors  without  casing  or 
plastering,  it  is  generally  customary,  when  this  method  of  construc- 
tion is  used  in  office-buildings,  apartment-houses,  etc.,  to  cover  the 
beams  and  under  side  of  the  planking  with  metal  lath  and  plaster. 
By  taking  a  little  pains  in  spacing  the  floor-beams,  the  ceilings  of 
the  various  rooms  can  usually  be  divided  into  panels  of  equal  size, 
which,  when  plastered  and  tinted,  present  a  very  good  appearance. 
The  plastering  should  be  put  directly  on  the  beams  and  planks,  and 
as  already  stated  should  follow  the  contours  of  the  ceilings.  The 
details  of  the  floor  and  roof-framing  in  this  form  of  construction 
are  usually  quite  simple. 

484.  CALCULATING  LOADS  IN  MILL-CONSTRUC- 
TION. In  calculating  the  safe  loads  which  the  girders  and  beams 
will  carry,  the  loading  should  be  assumed  as  concentrated  or  dis- 
tributed, according  to  the  design.  Formulas  for  various  conditions 
of  loading  on  beams  are  given  in  Kidder's  "Architects'  and  Build- 
ers' Pocket-Book." 

485.  SUPPORTS  FOR  COLUMN  AND  BEAM-ENDS  OF 
GIRDERS.  SPECIAL  FORMS  OF  BOX-ANCHORS,  ETC. 
When  the  beams  and  girders  rest  on  the  columns,  they  should  be 
connected  endwise,  either  by  notching  the  beams  over  the  lugs  cast 
on  the  iron  caps,  or  by  bolts  or  wrought-iron  straps.  It  is  also 
desirable  to  have  the  columns  bolted  together  endwise,  as  shown 
in  the  figures.  When  approved,  steel  post-caps  are  used,  the  gird- 
ers and  posts  are  tied  together  by  means  of  lag-screws  through  the 
caps. 

The  method  of  anchoring  and  supporting  the  wall-ends  of  the 
beams  and  girders  requires  more  consideration  in  this  method  of 
construction  than  in  the  ordinary  method,  as  the  beams  are  larger, 
they  make  a  greater  hole  in  the  wall,  bring  a  greater  crushing-weight 
on  the  bricks  and  have  a  more  severe  effect  on  the  wall  when  they 
fall.  In  a  building  intended  to  be  constructed  on  the  slow-burning 
principle,  the  floor-beams  and  girders  should  be  anchored  to  and 
supported  by  the  walls  in  such  a  way  that  in  case  the  beams  are 
burnt  through  the  ends  may  fall  without  injuring  the  walls;  and 
where  large  timbers  are  used  provision  should  be  made  against  the 
possibility  of  dry  rot. 

The  "Goetz"  box-anchors,  Fig.  809,  or  the  "Duplex"  wall-boxes, 
Figs.  801  and  804  are  excellent  anchors  and  supports  for  large 
beams  or  girders  built  into  the  walls,  as  they  provide  a  sufficient 
bearing-plate,  support  the  wall  above  the  beam,  provide  for  free 
circulation  of  the  air  around  the  beam  or  girder  and  readily  release 
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the  saftie  in  case  of  fire.  The  "Duplex"  wall-hanger,  Fig.  8io,  or 
the  "Van  Dorn"  wall-hanger,  Fig.  8ii,  accomplish  the  same  pur- 
pose, but  in  different  ways.  Fig.  8i  i  shows  wall-hangers  for  brick 
and  concrete-block  walls  and  also  joist-hangers  for  wood  and  sted 
I-beam  joists  or  girders. 

The  "Duplex"  wall-hangers,  Fig.  Sio,  are  for  large  timbers. 
These  hangers  are  made  extra-heavy  and  are  provided  with  wall- 
plates  that  have  a  bearing  of  8  inches  on  the  wall.  The  bearing  of 
the  timbers  on  the  hangers  is  also  8  inches.  For  beams  not  exceed- 
ing lo  inches  in  breadth  there  is  probably  little  choice  between  box- 
anchors  and  wall-hangers,  except  perhaps  in  price  and  appearance. 
When  the  wall-hanger  is  used,  no  hole  is  left  in  the  wall  and  the 
saving  of  6  inches  in  the  length  of  the  timber  is  effected.  This,  in 
some  cases,  would  be  a  consideration.  For  girders  12  by  14  inches 
and  upwards  in  cross-section,  the  author  believes  the  hanger  prefer- 
able to  the  box-anchor.  Wall-hangers  made  in  the  form  of  stirrups 
should  not  be  used  for  heavy  beams.  The  Van  Dorn  Iron  Works 
Company  and  other  manufacturers  also,  make  heavy  wall-hangers 
for  large  timbers.  Fig.  812  shows  the  "Lane"  hangers  and  the 
"National"  hanger.  Illustrations  A,  B  and  C  are  styles  of  the 
"Lane"  hanger.  Other  styles  are  made  for  use  under  special  con- 
ditions. These  hangers  are  made  of  plate  steel  of  uniform  width 
and  thickness  throughout.  They  fit  closely  against  both  the  joist 
and  header,  and  can  be  placed  in  buildings  already  built  where 
tenons  have  weakened  or  settled.  The  hooks  are  broad  and  afford 
a  liberal  bearing  upon  the  top  of  the  header,  or  upon  the  wall,  and 
the  seat  for  the  joist  is  ample.  The  strength  of  these  hangers  is 
calculated  to  be  sufficient  for  the  safe  load  allowed  for  yellow-pine 
joists,  2  by  6  inches  in  section  and  6  feet  long.  Illustration  D, 
Fig.  812,  shows  the  "National"  hanger  which,  also,  is  forged  from 
mild  steel.  There  are  several  other  makes.  The  post-caps  shown  in 
Figs.  763  and  764  are  for  cylindrical  columns  and  can  be  used 
either  for  two-way  or  four-way  construction. 

The  method  of  supporting  the  wall-ends  of  the  beams  in  the 
original  mill-construction  is  shown  in  Fig.  813.  The  bricks  are 
carefully  built  around  the  end  of  the  beam,  so  as  to  leave  an  air- 
space and  plenty  of  room  for  the  beam  to  fall  out  without  injuring 
the  wall.  This  method  is  not  patented.  Over  beams  exceeding  12 
inches  in  thickness  it  is  advisable  to  place  a  flat  stone  or  iron  plate 
to  support  the  wall  above  the  beam-end.  la  no  case  should  the 
brickwork  be  built  directly  on  the  wood.  For  a  full  description* 
of  wall-hangers,  wall-boxes  and  wtiU-plates  se^  Ktt^-  ^  ^^  ^^^'* 

•Sec.     also,     Kidder's     "Architects     and     Builders*      ^o^«Vkf«vV'»        C\aa.\^*t    XKU, 
"Wooden  Mill  and  Warehotise-Construction,"  ^'^ 
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Chapter  II.  The  different  methods  used  in  attaching  steel  beams 
and  girders  to  wooden  posts  and  wooden  beams  to  steel  girders  is 
shown  in  Fig.  806. 

486.    ROOFS  IN  MILL-CONSTRUCTION,     i.    Flat  Roofs. 
As  before  stated,  the  ordinary  mill-roofs  are  usually  flat,  that  is. 


B  and  C     National  Hanger,  D. 

with  a  pitch  of  about  y^  an  inch  to  the  foot  and  they  are  framed 


in  precisely  the  same  way  i 


;  the  floors,  the  under  side  of  the 
roof  forming  the  ceiling  of  the  up- 
per story.  This  form  of  roof 
should  be  used,  also,  for  ware- 
houses, factories  and  mercantile 
buildings,  and  the  same  attention 
given  to  the  elimination  of  con- 
cealed spaces  that  has  been  sug- 
gested for  floor-construction.  When- 
ever necessary  for  a  "finish," 
metal  lath  and  plaster  should  be 
used,  without  air-spaces,  and  the 
"^  '"^'  En"'^„pVo".  "'  '^'"'  plastering  should  ioUoW  tV  wtAour 
of  the  ceiling. 
In  office-buildings,  hotels,  etc.,  it  is  necessary  to  tj^q''"^**' ^  ^^^^"'^ 
below  the  roof  to  prevent  the  rooms  in  the  upp^r  s,\r,w  i'so^^'*^^^'™^ 


.£ 
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ing  too  hot.  This  ceiling  should  be  of  metal  lath  and  plaster  and 
the  space  between  the  ceiling  and  the  roof  should  be  not  less  than 
4  feet  at  the  lowest  point,  and  should  be  ventilated  to  the  outside 
of  the  building  by  openings  in  the  side-walls, 

2.  Pitched  Roofs.  Mill-construction  may  be  used  to  advant^e, 
also,  in  constrocting  the  pitched  roofs  of  churches  and  in  buildings 

having  finished  attics.  Fig. 
814  shows  a  section 
through  the  eaves  of  a 
church-roof  constructed 
lep  on  this  principle.  The 
rafters  are  made  of  heavy 
timbers  spaced  from  5  to  6 
feet  apart  and  covered 
with  2-inch  matched 
planks.  On  top  of  the 
planks  should  be  spread  a 
layer  of  "Salamander" 
plaster,  or  five  layers  of 
felt  paper,  well  saturated 
between  each  layer  with 
pitch,  about  ^  of  an  inch 
/  S      thick,  which  may  be  kept 

in  place  by  horizontal 
strips,  each  ^  of  an  inch 
by  ij^  inches  in  section, 
nailed    to    the     planking 

Tig.  814.     MUl<:on.tructton  AppUed  to  Church  Roof,    about  every  2   feet.      OvCf 

the  plaster,  shingles,  slate 
or  tile  may  be  laid  in  the  usual  manner.  The  layer  of  plaster  would 
diminish  the  danger  of  having  the  roof  catch  fire  from  the  outside 
and  also  reduce  the  transmission  of  heat.  The  under  side  of  the 
roof-planking  should  be  furred  with  )^-inch  strips  and  then  lathed 
and  plastered.  Metal  lath  is  of  course  the  best.  Sheathing-lath, 
also,  may  be  used. 

On  this  coat  of  plaster  diagonal  ceiling  may  then  be  placed,  if  a 
wood  finish  is  desired,  or  it  may  be  again  furred,  lathed  and  plas- 
tered. The  two  thicknesses  of  lath  and  plaster,  with  a  J/5-inch  air- 
space between  undoubtedly  makes  the  room  beneath  much  warmer 
in  winter  and  cooler  in  summer.  If  the  roof-span  is  over  25  feet, 
every  third  pair  of  rafters  must  be  trussed  and  purlins  hung  under 
the  middle  of  the  other  rafters. 

3.  Partitions  in  Mill-Construction.  When  mill-construction  is 
used   for  the  floors  and  roofs,  the  partitions  should  be  built  of 
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ij^-inch  I  beams  or  channel-bars  and  metal  lathing  and  plaster,  or 
other  equally  fire-resisting  materials. 

487.  ADVANTAGES  AND  DISADVANTAGES  OF  MILL- 
CONSTRUCTION.  Mill-construction,  when  intelligently  carried 
out,  undoubtedly  ranks  next  to  fire-proof  construction  in  durability 
and  fire-resistance,  and  far  surpasses  unprotected  iron  or  steel  in 
withstanding  fire.  It  should  never  be  weakened  by  placing  light 
timbers  where  strength  is  not  required;  and  the  use  of  all  timbers 
which  are  not  "single  sticks"  should  be  avoided. 

If  "built-up"  timbers  are  used,  they  should  be  planed  and  well 
bolted  together  and  all  interstices  between  separate  pieces  avoided. 
All  timbers  should  be  well  seasoned  and  each  column  should  have  a 
i^-inch  hole  bored  through  its  axis,  from  end  to  end,  with  a 
i-inch  hole  intersecting  the  larger  one  at  right-angles  near  each 
end  of  the  column.  Paint  should  never  be  applied  to  the  interior 
work  of  a  building  of  this  type  until  the  timbers  are  thoroughly 
seasoned,  and  no  paint,  if  applied  at  all,  should  be  put  on  until  at 
least  three  years  after  the  erection  of  the  building.  "Cold-water" 
paint  or  whitewash  is  much  preferred  in  buildings  of  this  type. 

In  regard  to  the  objections  to  or  disadvantages  of  mill-construc- 
tion, it  has  been  found  that  when  a  fire  once  gains  headway  in  a 
tall  building  constructed  on  this  principle,  it  is  almost  impossible 
to  save  the  building.  The  advantages  of  this  method  of  construc- 
tion are  the  most  pronounced  in  low  buildings.  For  this  reason, 
the  building  ordinances  of  the  different  cities  limit  the  height  of 
buildings  of  this  type  of  construction,  the  Philadelphia  building 
code  prohibiting  it  for  any  building  whose  height  is  over  65  feet  or 
six  stories. 


Chapter  VIII. 


Specifications: 


I.    GENERAL  CONDITIONS. 

488.  Importance  of  Complete  Specifications.  Too  much  em- 
phasis cannot  be  given  to  the  importance  of  complete  and  concise 
specifications  for  any  building,  for  the  specifications  define  the 
quality  of  the  work  and  materials,  and  to  a  very  large  extent  the 
cost  of  the  building  and  the  various  questions  that  arise  during  the 
progress  of  the  work.  The  first  requisite  in  specifications  is  that 
they  shall  cover  every  part  of  the  work ;  the  second,  that  they  shall 
be  written  in  such  a  manner  that  they  will  be  readily  comprehended 
by  the  contractor  and  his  foremen ;  and  the  third,  that  they  shall  be 
concise,  describing  as  accurately  as  possible  the  quality  of  the  mate- 
rials to  be  used,  how  the  work  is  to  be  done  and  everything,  not 
sufficiently  shown  by  the  plans  and  details,  that  affects  the  cost. 

It  is  desirable,  also,  that  all  work  of  the  same  kind  or  character 
shall  be  described  in  the  same  place  and  not  scattered  through  the 
specifications.  The  architect  should  not  expect  the  contractor,  with- 
out extra  compensation,  to  do  anything  not  provided  for  in  the 
plans  and  specifications,  nor  to  do  better  work  than  the  specifica- 
tions call  for.  He  must  be  sure,  therefore,  that  everything  he 
wishes  done  is  clearly  indicated  in  either  the  plans  or  the  specifica- 
tions, and  that  there  are  no  loopholes  for  poor  workmanship  or 
inferior  materials.  The  parts  of  the  work  to  be  done  by  each  con- 
tractor, also,  should  be  clearly  stated,  so  that  there  can  be  no  mis- 
understanding as  to  who  is  to  do  any  particular  thing.  It  often 
happens  that  some  minor  details,  such  as  closing  up  windows,  pro- 
tecting stonework,  drying  out  the  building,  etc.,  are  not  properly 
specified,  and  the  contractors  dispute  over  the  assignment  of  these 
parts  of  the  work  much  to  the  annoyance  of  the  architect.  Such 
differences  are  generally  avoided  when  the  entire  contract  for  the 
erection  and  completion  of  the  building  is  awarded  to  one  person 
or  firm;  but  even  then  it  is  better  to  have  the  duties  of  the  sub- 
contractors clearly  defined. 

As  a  rule,  the  form,  dimensions  and  quantity  of  all  constructive 

materials  should  be  fully  indicated  on  the  drawings,  so  that  only 

their  kind  and  quality  and  the  manner  of  doing  the  work  need  be 
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covered  by  the  specifications.  In  regard  to  the  finish,  both  ex- 
terior and  interior,  the  wording  of  the  specifications  will  depend 
in  a  great  measure  upon  whether  or  not  the  detail  drawings  are 
made  before  the  work  is  estimated  or  figured.  If  detail  drawings 
are  furnished  to  the  contractor  with  the  general  drawings  the  speci- 
fications may  be  much  abbreviated;  but  if  such  details  are  not  made, 
the  size  of  all  moldings,  the  number  and  size  of  members  and  the 
amount  of  dentil-work,  carving,  turned  moldings,  etc.,  should  be 
accurately  described,  and  the  detail  drawings  made  to  conform  to 
the  specifications.  Free-hand  sketches  on  the  margins  may  be 
effectively  used  for  illustrating  this  part  of  the  specification.  Gen- 
eral clauses  should  be  avoided  as  far  as  possible,  as  they  tend  to 
cumber  a  specification  and  to  obscure  the  really  important  parts. 

The  following  forms  of  specifications  for  the  various  kinds  of 
work  generally  included  in  the  carpenter's  contract  are  offered 
merely  as  guides  or  reminders  to  architects,  and  are  not  always  to 
be  copied  literally.*  Figures  or  words  enclosed  in  parentheses  may 
be  changed  to  suit  special  or  local  conditions  or  the  preference  of 
the  architect,  or  may  be  used  in  place  of  the  preceding  word  or 
words.  Matter  enclosed  in  brackets  consists  of  notes  or  sugges- 
tions by  the. author  or  editor.  Long  dashes  in  text  indicate  omis- 
sion of  names  of  special  brands,  makes,  patents,  etc. 

Every  specification  should  be  prepared  with  special  reference  to 
the  particular  building  for  which  it  is  intended. 

Specifications  with  fixed  printed  forms,  to  be  used  for  the  various 
trades,  are  by  some  not  recommended,  because  it  is  claimed  that 
when  they  are  used  the  architect  is  apt  to  overlook  important  points, 
and  that  the  use  of  such  forms  tends  to  a  lack  of  progressiveness 
and  of  study  of  the  construction  best  suited  to  varying  requirements 
of  different  buildings.  This,  however,  does  not  refer  to  "standard 
forms"  for  the  preliminary  clauses,  such  for  example,  as  have  been 
recommended  by  the  American  Institute  of  Architects.f 

The  author  would  recommend  to  the  young  architect  that  before 
writing  or  dictating  his  specifications  he  make  a  skeleton  form,  con- 

*  For  specifications  for  masonwork,  plastering  and  fireproofing,  see  "Building  Con- 
struction and  Superintendence,  Part  I,  Masons'  Work,  by  F.  £.  Kidder. 

t  The  American  Institute  of  Architects,  prior  to  April,  191 1,  was  engaged  for  more 
than  four  years  in  an  effort  to  improve  the  form  of  certain  documents  currently  used  by 
architects,  and  to  make  these  documents  clear  in  thought  and  statement,  equitable  as  be- 
tween owner  and  contractor,  applicable  to  work  of  almost  all  classes,  binding  in  law 
and  a  standard   of  good  practice. 

The  related  "Standard  Forms"  now  approved  by  the  Institute  include  C^>  "Itwitalion 
to  Bid";  (3)  "Instructions  to  Bidders";  (3)  "Form  of  Proposal";  (4)  "^orm  ol  Agree- 
ment"; (5)  "Form  of  Bond";  and  (6)  "General  Conditions  of  \.V\t  Cotit^**^^** 

The  Standard  Documents  of  the  American  Institute  of  Archlxe^^       aV  ^^  ox^«^^  ^^**™' 
E.   G.   Soltman,   sole  licensee  for  publication.  Tee   Square    BuWa?  ^  *  S^*"'*'^^  ^'^^  *^^^ 
Street,  New  York  City.  ^^^l»  * 
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sisting  of  headings  of  the  different  items  to  be  speeified,  carefully 
looking  over  the  plans  and  revising  this  outline  until  everything 
seems  to  be  covered  and  the  headings  arranged  in  their  proper 
sequence.  The  specifications  can  then  be  filled  out  in  the  manner 
herein  indicated. 

Every  specification  should  be  preceded  by  the  "general  condi- 
tions" governing  all  contractors.  These  may  be  advantageously 
printed  on  separate  sheets  and  used  as  a  cover  to  the  written  speci- 
fications, but  not  be  repeated  in  the  latter. 

The  "general  conditions"  used  by  an  architect  in  writing  speci- 
fications vary  more  or  less,  according  to  his  experience.  Legal  pro- 
visions relating  more  particularly  to  the  carrying  out  of  the  contract 
should  be  included  in  the  general  conditions. 

The  following  is  a  revision  to  date  (1913)  of  the  form  used  by 
the  author  for  a  number  of  years  with  satisfactory  results : 

489.  General  Conditions  in  Detail.  The  contractor  is  to  give  his 
personal  superintendence  and  direction  to  the  work,  keeping,  also,  a  com- 
petent foreman  constantly  on  the  ground.  He  is  to  provide  all  labor, 
transportation,  materials,  apparatus,  scaffolding  and  utensils  necessary  for 
the  complete  and  substantial  execution  of  everything  described,  shown  or 
reasonably  implied  in  the  drawings  and  specifications  as  belonging  to  the 
work  included  in  his  contract. 

All  material  and  workmanship  are  to  be  of  the  best  quality  throughout. 

The  contractor  is  to  carefully  lay  out  his  work  and  be  responsible  for  any 
mistakes  he  may  make,  and  any  injury  to  others  resulting  from  them. 

Where  no  figures  or  memoranda  are  given,  the  drawings  are  to  be 
accurately  followed  according  to  their  scale;  but  figures  or  memoranda  are 
to  be  preferred  to  the  scale  in  all  cases  of  difference. 

In  any  and  all  cases  of  discrepancy  in  figures,  the  matter  is  to  be  imme- 
diately submitted  to  the  architect  for  his  decision,  and  without  such  decision 
said  discrepancy  is  not  to  be  adjusted  by  the  contractor  save  and  only  at 
his  own  risk;  and  in  the  settlement  of  any  complications  arising  from  such 
adjustment,  the  contractor  is  to  bear  all  the  extra  expense  involved. 

The  drawings  and  these  specifications  are  to  be  considered  cooperative; 
and  all  works  necessary  to  the  completion  of  the  design,  drawn  on  the  draw- 
ings, and  not  described  herein,  and  all  works  described  herein  and  not 
drawn  on  the  drawings,  are  to  be  considered  a  part  of  the  contract,  and 
must  be  executed  in  a  thorough  manner,  with  the  best  of  materials,  the  same 
as  if  fully  specified. 

The  architect  is  to  supply  full-size  drawings  of  all  details,  and  any  work 
constructed  without  such  drawings,  or  not  in  accordance  with  them,  must 
be  taken  down  and  replaced  at  the  contractor's  expense. 

Any  material  delivered  or  work  erected  not  in  accordance  with  the  draw- 
ings and  these  specifications  is  to  be  removed  at  the  contractor's  expense  and 
replaced  with  other  material  or  work  satisfactory  to  the  architect,  at  any 
time  during  the  progress  of  the  work.  In  case  the  nature  of  the  defects 
is  such  that  it  is  not  expedient  to  have  them  corrected,  the  architect  is  to 
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have  the  right  to  deduct  such  sums  of  money  as  he  considers  a  proper 
equivalent  for  the  difference  between  the  value  of  the  materials  or  work 
and  the  value  of  that  specified,  or  for  the  damage  to  the  building,  from  the 
amount  due  the  contractor  on  the  final  settlement  of  the  accounts. 

The  contractor  is  to  provide  proper  and  sufficient  safeguards  and  pro- 
tection against  accidents,  injuries  or  damages  to  any  person  or  property 
during  the  progress  of  the  work.  The  contractor,  alone,  is  to  be  responsible, 
and  not  the  owner  or  the  architect,  neither  one  of  whom  is  to  be  in  any  man- 
ner answerable  for  any  loss  or  damage  that  may  happen  to  the  work,  or  any 
part  thereof,  or  for  any  of  the  materials  or  tools  used  and  employed  in  finish- 
ing and  completing  the  work. 

The  contractor,  when  called  upon  by  the  architect,  is  to  produce  vouchers 
from  the  sub-contractors  to  show  that  the  work  is  being  paid  for  as  it  pro- 
ceeds. 

All  facilities,  such  as  ladders,  scaffoldings  and  gangways,  are  to  be  given 
the  architect  for  inspecting  the  building  in  safety,  and  provision  is  to  be 
made,  to  the  architect's  satisfaction,  for  protection  from  falling  materials. 

The  drawings  are  the  property  of  the  architect  and  must  be  returned  to 
him  before  the  final  payment  is  made. 

The  contractor  is  to  keep  the  building  at  all  times  free  from  rubbish 
and  shavings,  and  on  completion  is  to  remove  all  rubbish  and  waste  material 
caused  by  any  operations  under  his  charge,  clean  up  the  house  and  grounds, 
and  leave  the  work  perfect  in  every  respect. 

[If  the  contractor  is  to  pay  for  insurance  on  the  building  it  should 
be  so  stated  in  the  specifications  and  also  incorporated  in  the  con- 
tract.] 

2.    CARPENTERS'  WORK.    FRAME  BUILDINGS.* 

490.  General  Considerations.  [As  the  carpenters'  work  re- 
quired to  erect  a  frame  building  and  prepare  it  for  plastering  is  so 
different  from  that  required  on  a  brick  building,  not  only  in  fram- 
ing and  covering  the  walls,  but  also,  in  the  details  of  the  window- 
frames  and  usually  of  the  exterior  finish,  the  author  has  thought 
it  best  to  give  separate  specifications  for  frame  and  brick  buildings, 
up  to  the  point  where  such  buildings  are  enclosed  for  lathing.  Be- 
yond that  point,  a  single  forrri  of  specification  will  answer  for  all 
ordinary  buildings,  whether  brick,  stone  or  frame.] 

Timber.  The  whole  of  the  timber  used  in  and  throughout  the  building 
is  to  be  the  best  of  its  respective  kind,  full  and  square  to  the  dimensions  indi- 
cated, well-seasontfd,  free  from  large  or  loose  knots,  sap,  shakes  or  other 
imperfections  impairing  its  durability  or  strength. 

Sleepers  under  basement-floor  are  to  be  of  chestnut  (black  locust,  cypress, 

•  For  specifications  for  masonwork  of  all  kinds,  including  plastering  and  ftteptooftng, 
see  "Building  Construction  and  Superintendence,  Part  1»  ^4ai»oTV»*  VfotV.,'*  by  ^.  E, 
Kidder. 
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pitch-pine,  Douglas  fir,  redwood),  4  by  4  inches  in  section,  and  set  18  inches 
on  centers. 

Posts  supporting  porch-floors  are  to  be  of  white  cedar  (redwood,  pitch- 
pine,  chestnut,  cypress,  black  locust  or  Douglas  fir),  6  inches  in  diameter  at 
the  smaller  end. 

The  girders  supporting  first  floor,  the  posts  supporting  the  same  and  the 
partition-caps  throughout  are  to  be  of  long-leaf  yellow  pine  or  Douglas  fir. 

The  posts,  sills,  girts  and  first  and  second-floor  joists  are  to  be  of  spruce 
(Norway  pine,  native  pine,  Douglas  fir). 

All  other  framing-timber  is  to  be  of  eastern  hemlock. 
[In  the  East  it  is  much  better  to  have  all  the  framing-timber  of 
spruce  or  pine,  although  hemlock  is  largely  used  in  some  localities.] 

All  framing-timbers  and  scantlings  are  to  be  of  the  sizes  and  distances 
apart  indicated  on  the  framing-plans  or  other  drawings. 

[It  is  customary  with  many  architects  to  put  the  sizes  of  all 
framing-timbers  in  the  specifications,  and  when  there  are  no  fram- 
ing-plans it  is  best  to  do  this.  When  all  of  the  dimensions  are 
marked  on  the  drawings  the  author  believes  it  is  better  not  to 
repeat  them  in  the  specifications.] 

Any  other  timbers  not  shown  on  the  drawings,  but  required  to  carry  out 
the  evident  intent  of  the  plans  in  a  proper  manner,  are  to  be  furnished  by  the 
contractor. 

491.  Framing.  The  building. is  to  be  full-frame,  all  framed,  braced, 
spiked  and  pinned  in  the  best  and  strongest  manner,  perfectly  true  and  plumb 
and  in  accordance  with  the  framing-drawings. 

No  woodwork  is  to  be  placed  within  i  inch  of  the  outside  of  any  chimney 
and  no  nails  are  to  be  driven  into  any  chimney.     (See  Art.  228.) 

The  under  sides  of  sills  and  ends  of  girders  are  to  be  painted  two  coats 
of  linseed-oil  paint  before  they  are  set  in  place. 

The  sills  are  to  be  halved  at  the  corners  and  spliced  with  a  scarf-joint 
All  sills  less  than  20  feet  in  length  are  to  be  in  one  piece. 

The  first-floor  joists  are  to  be  notched  down  (4)  inches  on  the  sills  and 
mortised  (2)  inches  more  into  them,  bringing  the  bottom  of  the  joists  flush 
with  the  bottom  of  the  sills  (See  Fig.  43)  (or  to  be  hung  in  joist- 
hangers  as  shown  in  Fig.  42).  The  joists  are  to  be  sized  so  as  to  be  perfectly 
level  and  in  line  on  top,  and  to  be  framed  (or  to  be  hung  in joist- 
hangers),  flush  with  the  girders. 

All  are  to  be  well  spiked  to  sills  and  girders. 

Joists  of  second  and  third  floors  are  to  be  crowned  ^  of  an  inch  in  20  feet, 
sized  I  inch  on  girts  and  partition-caps  and  well  spiked. 

[If  the  ceiling  is  not  to  be  furred  the  joists,  also,  should  be  sized 
to  a  uniform  width.] 

The  posts  are  to  be  tenoned  into  sills,  and  the  girts  tenoned  and  pinned 
into  posts.  Braces  are  to  be  3  by  4  inches  in  section  and  tenoned  and  pinned 
into  posts  and  into  sills  or  girts.  Each  stud  is  to  be  cut  with  a  2-inch  tenon 
on  the  lower  end  and  is  to  be  well  spiked  at  the  upper  end  with  twentypenny 
spikes.    No  studs  are  to  be  spliced* 
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Studs  at  sides  of  all  openings  are  to  be  doubled. 

The  plates  are  to  be  made  of  two  pieces  of  2  by  4-inch  scantling,  breaking 
joint  and  securely  spiked  to  posts  and  studding. 

The  floor- joists  are  to  be  doubled  under  all  partitions  running  the  same 
way  as  the  joists;  set  4  inches  apart  (see  Art  107);  and  bridged  every 
2  feet  with  pieces  of  floor-joist  4  inches  long,  securely  spiked. 

All  openings  are  to  be  framed  around  with  headers  and  trimmers  of  the 

sizes  marked  on  plans.    The  headers  and  tail-beams  are  to  be  hung  in 

steel  hangers,  or  stirrups. 

[If  special  construction,  such  as  flitch-plate  headers  or  steel  beams 

15  required,  it  should  be  specified  here.] 

All  headers  are  to  be  hung  in  joist-hangers  or  stirrup-irons  of  the  re- 
quired sizes. 

Bridging.  All  floor-joists  are  to  be  cross-bridged  with  one  row  of  bridg- 
ing for  spans  of  from  8  to  16  feet,  and  with  two  rows  for  all  spans  exceeding 

16  feet  (or  where  shown  on  framing  plans),  of  (i  by  3-inch  *)  stock  cut  to  fit 
and  nailed  with  two  eightpenny  nails  at  each  end  of  each  piece. 

Piazza  and  Porch-Floors.  The  piazza  and  porch-floors  are  to  be  framed 
with  a  (4  by  lo-inch)  girder  from  each  post  or  pier  to  the  house,  set  so  that 
the  top  of  the  girder  will  be  (flush)  with  the  top  of  sill,  and  pitching  away 
from  the  house  i  inch  in  6  feet.  Each  girder  is  to  be  gained  i  inch  into 
the  whole  depth  of  the  sill  and  is  to  be  secured  to  the  sill  by  a  J4  by  254-inch 
flat  iron  tie,  turned  over  inside  of  sill  and  spiked  to  sill  and  girder  with  three 
twentypenny  spikes.  The  outer  end  of  the  girder  is  to  be  supported  on  brick 
piers  built  by  the  mason  [or  on  cedar  (pitch  pine,  cypress,  chestnut,  redwood, 
black  locust,  Douglas  fir)  posts  6  inches  in  diameter  at  the  top,  set  4  feet 
in  the  ground  and  tamped  with  sand  and  gravel]. 

Between  the  girders  are  to  be  framed  the  (2  bj^^-inch)  floor- joists,  set 
20  inches  on  centers  parallel  to  the  house  (and  all  flush  on  top  with  the 
girder.) 

Piazza  and  Porch-Roofs,  The  roof  of  the  front  piazza  is  to  be  hipped 
*^  with  (2  by  8-inch)  hip-riafters  and  (2  by  6-inch)  jack-rafters,  and  to  have  a 
pitch  of  (j/^-inch)  to  the  foot.  The  upper  ends  of  hip-rafters  and  inner 
jack-rafters  are  to  be  well  spiked  to  the  wall. 

The  rafters  are  to  be  supported  by  (4  by  8-inch)  plates,  supported  by 
(4  by  4-inch)  uprights  over  the  posts,  which  are  not  to  be  put  in  place  until 
the  finish-work  is  put  up.  Furring  is  to  be  put  under  the  plates  for  the  archi- 
trave and  cornice,  and  is  to  be  made  of  2  by  4-inch  studding,  set  20  inches 
on  centers,  toe-nailed  to  under  side  of  plates  and  furnished  with  a  2  by  4-inch 
soflit  at  the  bottom. 

The  wall-ends  of  plates  are  to  be  firmly  secured  to  the  studding  of  the 
house. 

The  rear-porch  roof  is  to  have  2  by  6-inch  rafters,  set  20  inches  on  centers, 
and  4  by  6-inch  plates. 

Main  Roof.  The  main  roof  of  the  house  is  to  be  framed  as  shown  on 
framing-plan  (or,  in  the  strongest  manner),  with  vaUey-raitets  carried  to 
ridges,  hips  and  2  by  lo-inch  ridge-poles.    All  hips  and  rtd^^es  arc  to  be 

•  For  warehouse-floors,  on  14-inch  joists,  2  by  3-inch  stock   \s  omer^^^^  ^**^ 
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maintained  perfectly  straight.  Rafters  are  to  be  notched  onto  the  plates  and 
spiked.  (The  overhang  of  rafters  is  to  be  dressed  on  three  sides  and  sawed 
to  the  pattern  shown  on  detail  drawings.)  The  rafters  are  to  be  doubled  at 
each  side  of  dormer-openings  and  4  by  8-inch  headers  are  to  be  put  in,  8  feet 
above  attic  floor.  (Cut  in  (2  by  8-inch)  valley-rafters  to  intersect  with 
dormer-roofs.) 

Partitions  are  to  be  carried  up  to  support  roof  wherever  practicable, 
and  all  are  to  be  thoroughly  tied  and  made  perfectly  secure  and  strong. 
Collar-beams  (2  by  4-inch)  are  to  be  spiked  td  each  pair  of  rafters,  8  feet  2 
inches  above  attic-floor  joists. 

Dormers,  The  dormers  are  to  be  framed  with  4  by  4-inch  comer-posts, 
2  by  4-inch  studding  and  plates,  and  2  by  6-inch  rafters.  The  studs  are  to 
be  notched  i  inch  onto  the  rafters,  and  extended  to  the  floor.  (See  Art  129.) 
49a.  Sheathing  (Boarding).  The  roof  of  front  porch  (which  is  to 
be  tinned)  is  to  be  covered  with  4-inch  matched-pine  (spruce,  hemlock) 
boards,  dressed  one  side  to  a  uniform  thickness  and  free  from  large  or  loose 
knots  or  knot-holes.  The  boards  are  to  be  nailed  to  every  bearing  with  two 
eightpenny  nails,  and  all  uneven  places  smoothed  with  a  plane. 

All  other  roofs  and  all  frame  walls,  including  walls  of  bay  windows  and 
dormers,  are  to  be  covered  with  good  sound  hemlock  (spruce,  native  pine) 
boards  not  over  (10  inches)  wide,  dressed  one  side,  laid  close  together  and 
nailed  to  every  bearing  with  two  eightpenny  nails.  These  boards  are  to  be 
set  diagonally  on  the  walls  of  the  house  and  horizontally  elsewhere.  Crickets 
are  to  be  formed  on  roof,  behind  chimneys,  to  shed  the  water  and  prevent 
the  lodgment  of  snow. 

493.  Outside  Finish.  All  outside  flnish,  unless  otherwise  specifled  is 
to  be  worked  from  (clear)  (good)  thoroughly  seasoned  white  pine  (cypress, 
cedar,  Douglas  fir,  redwood)  in  strict  accordance  with  elevation  and  detail- 
drawings  and  is  to  be  put  up  in  a  skillful  manner,  with  close  joints  and 
nails  sunk  for  puttying.  Joints  exposed  to  the  weather  are  to  be  matched, 
and  painted  with  thick,  white  lead  before  the  pieces  are  put  together. 

Cornices.  The  main  cornice  is  to  be  supported  by  false  rafters,  sawed 
from  (3  by  8-inch)  white  pine  (cypress,  cedar,  redwood),  free  from  large 
or  loose  knots,  dressed  on  two  sides  and  securely  fastened  to  the  plates 
and  rafters  by  fortypenny  spikes.  Plank  headers  are  to  be  cut  between  the 
common  rafters,  to  secure  the  ends  of  false  rafters,  where  necessary. 

Rafter-ends  are  to  be  spaced  uniformly  (20  inches)  on  centers.  A 
lo-inch,  molded,  frieze-board  is  to  be  put  on  the  walls,  directly  under  the 
rafters,  and  an  8-inch  board  is  to  be  cut  between  the  rafters  and  against  the 
frieze,  and  is  to  be  gained  ^  of  an  inch  into  the  rafters. 

The  overhang  of  eaves  is  to  be  covered  with  4  by  ^-inch  matched-pine 
(or  other  wood)  ceiling,  face-side  down,  over  which  is  to  be  placed  the  com- 
mon sheathing. 

The  outer  edge  of  cornice  is  to  be  finished  with  (1  by  4-inch)  crown-mold 
and  (1%  by  4%-inch)  fascia. 

Gutters  on  Roof,  The  gutters  on  the  roof  are  to  be  formed  with  (J^ 
by  4-inch)  cypress  strips  set  on  edge  and  nailed  to  the  roof  over  the  shingles, 
and  (1%  by  3  by  5-inch)  sawed  pine  (cypress,  cedar)  brackets  are  to  be  put 


SPECIFICATIONS.  749 

up,  set  (30  inches)  apart.  The  gutters  are  to  have  a  fall  to  outlets  equal 
to  I  inch  in  20  feet.  The  eaves  of  the  dormers  are  to  be  finished  in  the  same 
manner  as  the  eaves  of  the  house,  but  with  (3  by  6-inch)  rafter-ends  and 
without  gutters. 

Box  Cornices.  The  cornices  on  the  ell  of  the  house  are  to  be  formed  with  (i 
bjr  4-inch)  crown-mold,  (%  by  4J^-inch)  fascia,  (^  by  lo-inch)  planceer, 
8-inch  frieze  and  (i  by  2-inch)  sprung  bed-mold. 

[Dentils,  carved  moldings,  brackets,  frieze-ornaments,  etc.,  if  any, 
are  to  be  described  here.] 

Cornices  with  Wooden  Gutters  (Fig.  241).  The  eaves  are  to  be  finished 
with  rafter-ends  dressed  and  sawed  to  a  pattern,  as  shown  on  detail-draw- 
ings; and  with  a  %  by  8-inch  molded  frieze  against  the  wall,  with  ^-inch 
boards  cut  between  the  rafters,  gained  %  of  an  inch  into  them,  and  driven 
down  against  the  frieze  to  make  a  tight  joint.  The  overhang  is  to  be  covered 
with  T/i  by  4-inch  matched  and  beaded  ceiling,  face  side  down,  over  which  is 
to  be  placed  the  common  sheathing. 

The  edge  of  eaves  is  to  be  finished  with  a  4  by  6-inch  cypress  gutter,  a 
1 5^  by  4-inch  fascia  underneath,  and  a  Ji-inch  cove-molding  as  shown  on 
section-drawing,  the  back  of  the  gutter  being  left  open.  The  gutter  is  to 
be  in  as  long  lengths  as  practicable,  and  when  pieced,  it  is  to  be  lined  with 
sheet  lead,  3  inches  on  each  side  of  the  joint. 

Raking  Cornices.  The  raking  cornices  are  to  be  formed  with  (crown-mold, 
stuck  to  intersect  with  the  crown-maid  on  the  eaves)  4>^-inch  fascia,  ^  by 
lo-inch  planceer,  lo-inch  molded  frieze  and  2J/2  by  J^-inch  sprung  bed-mold 
(dentils,  brackets,  etc.). 

Verge-Boards.  The  gable-ends  are  to  be  finished  with  ij^  by  lo-inch 
verge-boards,  paneled  as  shown  on  drawings,  by  planting  on,  ^  by  2-inch 
strips,  and  with  (turned  rosettes  in  the  small  panels).  A  i  by  4-inch  crown- 
mold  is  to  be  used  for  finishing  above  the  verge-board.  The  verge-boards 
are  to  set  12  inches  from  the  wall  and  are  to  be  supported  by  ^  by  4-inch 
lookouts,  2  feet  apart.  The  soffit  is  to  be  covered  with  3  by  ^-inch  matched 
and  beaded,  pine  ceiling,  with  6-inch  boards  against  the  wall  and  2  by  ^-inch 
bed-molds. 

Brackets  are  to  be  placed  back  of  the  verge-boards,  at  the  comers  of 
the  building,  to  stop  the  gable-finish ;  and  are  to  be  4  inches  thick,  with  molded 
edge  and  (paneled)  sides,  as  per  detail  drawings. 

Belts:  The  belts  at  the  base  of  front  gable  and  at  second-floor  level  are 
to  be  formed  by  putting  on  furrings  over  each  stud  on  top  of  the  sheathing 
(boarding)  and  placing  a  second  boarding  outside,  brought  to  a  feather-edge 
at  the  top.  The  under  part  of  the  projection  is  to  be  finished  with  %  by 
6-inch  boards  over  the  siding  and  with  i  by  7-inch  sprung  moldings  (or 
brackets,  dentils,  etc.,  according  to  the  character  of  the  finish). 

[Any  other  belts  there  may  be  on  the  house  are  to  be  described 
here.] 

Base  and  Water-Table.  The  sides  of  house  next  to  piazza  axvd  porch 
are  to  have  a  (if^  by  6-inch)  base  rebated  on  top  and.  ftmsVved  Wwiv  a  smaW 
bevel.    The  base  is  to  stop  against  the  piazza-P^^^s. 

Elsewhere,   a  water-table  is  to  be  fort^p^J   Just   ^W    ^\\e  >xcA«^«xtCm^ 
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as  shown  in  the  scale  detail  (Fig.  288).  The  top  piece  is  to  have  a  feather- 
edge  and  the  clapboards  are  to  come  down  over  it  (Long  strips  of  zinc,  3 
inches  wide,  nailed  to  the  sheathing,  are  to  be  used  for  flashing  behind  the 
clapboarding  and  ij^-inch  on  the  water-table.)     (See,  Art.  185.) 

Comer-Boards.  {1%  by  4-inch)  corner-boards  are  to  be  put  on  all  cx^ 
ternal  angles  and  (i>i  by  3-inch)  single  strips  at  internal  angles,  where  the 
wall  is  covered  with  siding  (or  clapboards).     (See  Art  186.) 

Other  outside  Finish,  [Any  special  outside  finish,  such  as  pilas- 
ters, architraves,  etc.,  are  to  be  specified  here.] 

Carving.  All  carved  work  shown  in  the  drawings  is  to  be  furnished  and 
put  up  by  the  contractor,  and  is  to  be  executed  by  a  skilled  carver  in  strict 
accordance  with  the  detail-drawings  and  from  the  best  quality  of  white  pine 
(whitewood,  also  called  poplar,  or  cypress). 

(AH  carved  panels  or  ornaments  are  to  be  worked  from  the  solid  and 
not  planted  on.  Before  any  carving  is  done  the  contractor  is  to  submit  a 
full-size  clay  or  plaster  model  to  the  architect   for  approval.) 

Composition-lVork.  The  ornamental  composition-work  is  to  be  fur- 
nished and  put  up  where  indicated  on  the  drawings.  The  work  is  to  be 
executed  by  a  skilled  modeler  in  strict  accordance  with  the  detail  drawings 
and  put  up  in  the  best  manner. 

Scuttle.  The  scuttle  (2  feet  by  2  feet  6  inches)  is  to  be  made  in  roof 
where  directed.  It  is  to  have  a  plank- frame,  6  inches  high,  and  a  cover  made 
of  %-inch  flooring  and  ij^  by  3-inch  cleats,  with  a  %  by  2-inch  strip  around 
the  edges.  The  cover  is  to  be  hung  with  heavy  strap-hinges  and  is  to  have 
iron-bar  fastenings,  and  fixtures  to  keep  it  open  at  any  desired  angle.  Frame 
and  cover  are  to  be  tinned  by  the  tinner.     (See  Art.  20a) 

(If  the  scuttle  is  in  a  deck-roof  the  specifications  should  call  for 
permanent  steps  or  ladder,  from  the  attic-floor;  or  if  the  space 
below  is  finished,  for  a  portable  ladder,  to  be  left  on  the  premises.) 

Skylight.  [If  there  is  a  wooden  skylight  on  the  roof  it  should 
be  specified  here.     See  Art.  199.] 

494.  Shingle  Roofing.'*'  All  roofs,  except  those  marked  to  be  tinned, 
are  to  be  covered  with  one  layer  of  water-proof  paper,  with  2-inch  lap, 
and  best  quality  of  sawed  cedar  (cypress,  white  pine,  redwood)  shingles, 
laid  4J^  inches  to  the  weather  (see  Art.  202),  and  nailed  with  two  (gal- 
vanized)  nails  to  each  shingle. 

(All  shingles  are  to  be  dipped  (8  inches)  in  pure,  boiled,  linseed-oil 
( stain.  No.  )  by  the  (painter)  before  laying.) 

The  hips  are  to  be  finished  by  laying  a  course  of  (4-inch)  shingles 
parallel  with  the  hips  on  each  side,  over  the  other  shingles,  and  each  shingle 
lapping  the  other  alternately  in  the  course.  The  shingles  are  to  be  laid  to  a 
straight-edge  so  that  the  angle  will  be  perfectly  straight 

[For  other  methods  of  forming  hips,  see  Art.  203.] 
The  ridge  is  to  be  finished  with  6  by  ^-inch  saddle-boards,  tongued  and 

*  Much  valuable  data  for  the  revision  of  this  article  and  of  those  following  on  flashing 
and  tinwork,  was  furnished  by  the  N.  &  G.  Taylor  Company,  Philadelphia,  Pa. 
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grooved  together  (or,  the  ridges  are  to  be  covered  by  a  galvanized-iron 
cresting^  as  specified  elsewhere). 

495.    Flashing  and  Tinning.    All  Flashing  is  to  be  of tin,  painted 

both  sides  before  laid,  IX  for  the  valleys  and  gutters  and  IC  elsewhere 
(or  i6-ounce  copper)  ;  all  is  to  be  furnished  and  painted  by  the  tinner,  and 
put  on  by  him,  with  the  exception  of  the  tin  shingles,  which  are  to  be 
worked  in  with  the  shingles  by  the  carpenter. 

[All  tin  work,  including  flashings,  should  be  done  by  a  competent 
sheet-metal  worker.  In  many  localities  the  carpenter  puts  on  all 
the  flashing,  buys  the  tin  and  cuts  it  up  himself;  but  this  is  con- 
sidered bad  practice  as  the  carpenter  is  seldom  posted  as  to  the 
various  qualities  of  good  tin.] 

Valleys  {open).  The  main  valleys  are  to  be  lined  with  strips  of  tin,  20 
inches  wide,  with  end- joints  locked  and  soldered.  The  valleys  farmed  by 
dormer-roofs  are  to  be  lined  with  tin  14  inches  wide. 

{Close  valleys  J  see  Art.  205,  should  be  specified  as  follows:  The  valleys 
are  to  be  formed  by  working  pieces  of  tin,  9  by  14  inches  in  size,  in  each 
course  of  shingles.) 

The  chimneys,  sides  of  dormers,  where  the  porch-roof  joins  the  wall, 
and  all  rising-parts,  are  to  be  flashed  against  with  tin,  cut  to  turn  up  (3^ 
inches)  on  the  wall  or  chimney  and  3  inches  on  the  roof.  Where  tin 
"shingles"  are  used  they  are  to  be  not  less  than  7  by  6%  inches  in  size. 

The  crickets  behind  the  chimneys  are  to  be  covered  with  tin,  turned  up  4 
inches  on  the  roof  and  3  inches  against  the  chimney. 

A  wide,  tin  apron  is  to  be  furnished  to  go  under  the  dormer-window  sills, 
and  to  be  carried  up  and  nailed  on  the  inside. 

Counter/lashing,  All  flashing  against  brickwork  or  stonework  is  to  be 
counterflashed  with  4-pound  lead,  wedged  (built)  into  the  joints  of  the 
masonry  at  least  i  inch,  with  lead  wedges,  and  turned  down  over  the  flashing 
to  within  i  inch  of  the  roof.  Elastic  cement  is  to  be  used  for  pointing  above 
the  flashing. 

The  curb  and  cover  of  scuttle  are  to  be  tinned  to  make  a  tight  job. 

Any  and  all  other  flashing  necessary  to  make  the  roof  tight  and  to  stop 
all  leaks  caused  by  workmen,  is  to  be  done. 

496.    Tin  and  Galvanized-Iron  Work.    Piasza-Roof,    The  piazza-roof 

is  to  be  covered  with tin,  sheets  14  by  20  inches  in  size.    The  tin  is  to 

be  laid  over  one  thickness  of  dry  felt,  with  joints  locked  and  soldered  in  the 
best  manner  and  secured  to  the  roof  by  three  tin  cleats  to  each  sheet;  rosin 
only,  is  to  be  used  as  a  flux  for  soldering.  The  tin  is  to  be  carried  up  4 
inches  on  the  sheathing  under  the  siding  (or  shingles)  and  over  the  edge  of 
the  crown-mold  of  cornice,  and  is  to  be  secured  with  galvanized- wire  nails.  - 

The  tin  is  to  be  turned  up  4  inches  around  all  balcony-posts,  and  soldered 
at  the  angles,  and  the  roof  is  to  be  made  tight  in  every  place. 

Gutters.  The  gutters  are  to  be  lined  on  the  roof  with  IX  tin  (20)  inches 
wide,  with  end- joints  locked  and  soldered.  The  tin  is  to  be  turned  over 
the  edge  of  the  standing  strip  and  secured  every  (4  inches)  viilVv  galvanized- 
wire  nails. 

Hanging   Gutters.    A   5-inch  half-round   galvanized-Vion    ft^'^'^^'^  ^^  ^^  ^ 
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put  under  eaves  of  rear  porch,  supported  every  3  feet  by  hangers 

screwed  to  the  fascia  and  adjusted  to  give  a  fall  of  (i  inch)  to  the  gutter. 

Conductors,  (Five)  galvanized-iron  conductors  from  gutters  on  main 
roof  are  to  be  furnished  and  put  up  where  shown  on  elevation-drawings,  two 
from  the  ell,  two  from  the  front  porch  and  one  from  the  rear  porch. 

Those  from  the  main  roof  are  to  be  corrugated,  35^  by  4^  inches  in  size, 
with  ornamental  heads,  and  made  according  to  elevation  and  detail-drawings. 
Those  from  the  ell-roof  are  to  be  "of  (35^) -inch  and  those  from  porch  and 
piazza  2^-inch  round  pipe,  without  heads. 

All  are  to  be  secured  to  the  wall,  by  galvanized-iron  hooks,  or  clamps, 
so  that  they  will  stand  clear  from  all  moldings,  and  are  to  be  properly  con- 
nected with  the  gutters.  Conductors  are  to  terminate  with  (3-inch)  offsets, 
6  inches  above  grade  (or  are  to  be  connected  with  drain).  The  openings  in 
the  gutters  are  to  be  covered  with  galvanized-wire  baskets.  The  tinner  is 
also  to  furnish  (and  put  on)  the  flashing  specified  above. 

Painting.  The  painting  of  all  tinwork  is  to  be  done  by  the  roofer,  with 
red-lead,  red-oxide,  metallic-brown,  or  Venetian-red  paint,  and  pure  linseed- 
oil;  no  patent  dryer  or  turpentine  is  to  be  used.  Paint  is  to  be  applied  with 
a  hand-brush  and  is  to  be  well  rubbed  on.  Exposed  surfaces  of  the  tin  are 
to  be  painted  immediately  after  laying.  A  second  coat  is  to  be  applied  in  a 
similar  manner  two  weeks  later.  All  tin  for  roofs  is  to  be  painted  on  the 
under  side,  and  all  tin  flashing  of  valleys,  gutters,  etc.,  is  to  be  painted  on 
both  sides  by  the  tinner  before  it  is  put  up,  with  red-oxide,  metallic-brown, 
Venetian-red,  or  reel-lead  and  linseed-oil  paint. 

Guarantee,  The  sheet-metal  worker  is  to  give  the  owner  a  written  guar- 
antee to  keep  all  roofs  and  gutters  water-tight  for  (one)  year  from  date  of 
completion,  free  of  charge. 

[For  wooden  conductors  and  lead  goose-necks,  see  Arts.  177 
and  179.] 

497.  Wall  and  Gable-Shingling.  The  walls  of  second  story,  and  all 
gables,  walls  of  dormers,  etc.,  are  to  be  covered  with  the  best  quality  of 
sawed  cedar  (cypress,  white  pine  or  redwood)  shingles,  in  widths  of  from 
4  to  8  inches  (or  in  6-inch  widths),  laid  5  inches  to  the  weather  and  nailed 
with  two  common  nails  to  each  shingle.  Where  shingles  come  against  a  door 
or  window-casing,  they  are  to  be  nailed  only  at  the  side  next  the  casing. 
Under  window-sills  and  elsewhere,  where  exposed,  the  nails  are  to  be  gal- 
vanized. 

Shingles  in  gables  are  to  be  laid  alternately  long  and  short,  but  not  selected 
for  uniform  width,  the  difference  in  length  being  made  (iJi)  inches. 

Cut  Shingles.  Cut  shingles  of  uniform  width  and  of  pattern  shown  arc  to 
be  used  where  shown  on  elevation-drawings. 

[Wall-shingles  may  be  laid  as  much  as  6  or  6j4  inches  to  the 
weather,  the  latter  being  for  18-inch  shingles.] 

498.  Siding.  All  other  portions  of  the  walls  are  to  be  covered  with 
clear,  white  pine  (Douglas  fir,  cedar,  spruce,  redwood,  cypress)  lap-siding, 
6  inches  wide,  laid  45^  inches  to  the  weather  and  well  nailed  over  every 
bearing  with  sixpenny  nails  set  in  for  puttying. 

No  butt-joints  are  to  be  allowed  in  panels  12  inches  and  less  in  length,  and 
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none  is  to  come  over  a  window-opening  in  the  first  course  above  such  opening. 
[In  place  of  lap-siding  (beveled-siding),  the  drop-siding  or  nov- 
elty-siding, molded  as  per  detail  drawings,  may  be  specified.] 

Clapboards,     [Used  instead  of  siding  in  some  localities.] 

All  other  parts  of  the  wall  are  to  be  covered  with  sap-extra  pine  (clear 
spruce,  cypress,  cedar,  Douglas  fir,  larch,  redwood)  clapboards,  all  laid  to  a 
perfectly  even  gauge  of  not  over  ^^  inches,  and  nailed  to  every  stud  with 
sixpenny  (galvanized)  nails,  set  in  for  puttying.  (For  butt-joints,  see 
above.) 

Sheaihing-Paper.    The  sheathing  under  all  siding  (or  clapboards)   is  to 

be  covered  with  one  thickness  of  ( medium- weight,  asbestos  sheathing- 

felt)  laid  with  a  lap  of  not  less  than  2  inches.  The  same  kind  of  felt  is  to 
be  used  for  lining  under  all  corner-boards,  casings,  etc. 

Zinc.  Strips  of  zinc  3  inches  wide  are  to  be  put  around  all  window  and 
door-casings  throughout,  turned  up  ^  of  an  inch  against  casings  and  laid 
under  the  clapboards. 

[Tin  shingles  (2  by  7-inch)  are  sometimes  laid  in  with  the  shin- 
gles against  the  casings.] 

499.  Piazza.  The  front  piazza  is  to  be  finished  as  shown  on  the  eleva- 
tion and  detail-drawings  (see  Fig.  295,  detail  B). 

The  floor  is  to  be  laid  with  (i%2  by  3^-inch)  matched  (long-leaf)  pine 
(white  pine,  Douglas  fir),  flooring,  tightly  strained  in  place,  blind-nailed  to 
every  bearing  with  eightpenny  nails,  and  jointed  in  white  lead.  The  outside 
edges  of  the  floor  are  to  be  finished  with  a  rounded  nosing  and  a  %  by 
i-inch  cove  below  it.  Casings  of  %-inch  pine  (cedar,  cypress,  Douglas  fir), 
%  of  an  inch  thick  and  (8  inches)  wide  are  to  be  used  for  finishing  under 
the  edges.  The  piers  are  to  be  cased  with  (12-inch)  pine  (cedar,  cypress, 
Douglas  fir),  boards  with  beveled  bases.  The  spaces  between  the  piers  are  to 
be  filled  with  lattice-work  formed  of  %  by  2*A-inch  strips  halved  together, 
with  spaces  2%  inches  square,  and  with  frames  of  yg-inch  pine  (cedar, 
cypress,  Douglas  fir),  boards,  4  inches  wide.  (Each  panel  of  lattice-work 
is  to  be  put  together  in  one  piece,  so  that  it  may  be  removed  if  desired.) 

The  columns  are  to  be  turned  from  10  by  lo-inch  whitewood  (called,  also, 
poplar)  (redwood,  cedar  or  cypress)  and  extended  inside  of  the  pedeslals  to 
the  floor.  The  column-caps  are  each  to  be  made  from  a  separate  piece  of 
wood,  and  carved  as  per  full-size  details.  The  column-bases  are  each  to  be 
turned  in  two  pieces,  and  fitted  around  the  columns,  the  conges  and  fillets 
being  turned  on  the  column  shaft.  The  flutings  are  to  diminish  in  cross- 
section  size,  leaving  the  fillets  between  them  the  same  width  throughout  their 
length.  The  pedestals  are  to  be  formed  about  the  columns  with  i%-inch 
pine  (cedar,  cypress,  Douglas  fir)  frames,  plain  panels  and  ^  by  %-inch 
panel-molds,  with  %-inch  beveled  bases,  mitered  at  the  angles.  The  pedestal 
cap  is  to  correspond  in  profile  with  that  of  top  rail  of  lower  balustrade. 

Half-pilasters  are  to  be  put  against  the  walls,  fluted  to  correspond  with 
columns  and  with  bases  and  pedestals  to  correspond. 

The  architrave   and  cornice  are  to   b^   formed   'w\\\i  \v^^^>  ^^^^  (.cedar, 
cypress,  Douglas  fir),  casings,  1%  by  ai^^j^^^  band-Txv^\^^  Vn^^^^  ^^^  ^^^^^^' 


754  BUILDING-CONSTRUCTION.         (Ch.  VIII); 

and  %  by  2^-inch  bed-molds;  %  by  4-inch  crown-molds,  4-inch  fasdas  and 
8-inch  planceers. 

Furring  for  level  ceiling  is  to  be  placed  under  the  rafters  and  covered 
with  %  by  4-inch  (center-beaded)  clear,  pine  ceiling,  with  bed-molds  the 
same  as  under  the  cornice. 

The  railings  are  to  be  constructed  with  top  rails  built  up  and  molded, 
and  bottom  rails  stuck  from  2%  by  3%-inch  stock,  with  upper  edge  beveled. 

Top  rails  are  to  be  ramped  and  are  to  miter  with  caps  of  pedestals  and 
columns.    Balusters  are  to  be  i%-inch,  turned  and  set  2M1  inches  on  centers. 

The  columns  of  upper  balustrade  are  to  be  turned  from  5  by  5-inch  white- 
wood,  called  also  poplar,  (cedar,  cypress),  with  turned  ornaments  on  top. 
Cap-moldings  are  to  correspond  with  rails. 

The  posts  or  pedestals  of  the  upper  balustrade  are  to  be  set  on  i^-inch 
pine  (cypress,  cedar,  Douglas  fir),  blocks,  6  inches  square,  nailed  over  the 
tin  roofing  and  covered  with  tin  soldered  to  the  roof.  The  center  post  is 
to  be  secured  by  an  iron  brace.  Half -posts  are  to  be  put  against  the  wall 
to  receive  the  balustrade. 

The  steps  are  to  be  constructed  on  2  by  lo-inch  plank  carriages,  16  inches 
on  centers  and  resting  on  a  4  by  6-inch  sleeper  at  the  bottom.  (A  flat  stone 
is  better.)  Treads  are  to  be  il4  inches  thick  with  rounded  nosing  and 
cove,  returned  at  the  ends.  Risers  are  to  be  %  of  an  inch  thick.  The 
ends  of  steps  are  to  be  finished  with  %-inch  pine  (cypress,  cedar,  Douglas 
fir),  strings  and  casings,  with  panels  formed  of  %  by  4-inch  center-beaded 
pine  ceiling. 

500.  Rear  Porch.  The  floor  of  rear  porch  is  to  be  laid  with  %  by  4-inch 
clear  (hard  pine,  Douglas  fir),  boards,  dressed  on  one  side,  finished  with 
square  edges,  and  laid  %  of  an  inch  apart.  The  edges  of  the  floor  are  to 
be  finished  with  a  rounded  nosing  and  a  %  by  i-inch  cove-molding.  Casings 
of  lo-inch  pine  (cedar,  cypress,  Douglas  fir),  are  to  be  used  for  finishing 
below  the  edges  of  floor.  The  piers  (or  posts)  below  the  floor  are  to  be 
cased  with  wide  pine  (cedar,  cypress,  Douglas  fir)  boards;  and  to  fill  in 
between  them,  %  by  6-inch  pine  (cedar,  cypress,  Douglas  fir)  boards  cut 
to  pattern,  as  shown,  and  a  %  by  8-inch  beveled  base,  are  to  be  used.  The 
porch  columns  are  to  be  5  inches  square,  built  up  of  pine  (cedar,  cypress, 
redwood,  Douglas  fir)  boards  carefully  fitted  together.  The  cornice  is  to 
be  finished  with  a  %  by  4-inch  crown-mold,  fascia  and  planceer,  as  shown. 
The  gable-ends  are  to  be  filled  in  with  %  by  4-inch,  double-faced,  pine  ceiling. 
All  the  openings  between  the  columns  and  over  the  door  are  to  be  filled  in 
with  diagonal,  lattice-work,  made  of  strips  \i  by  1%  inches  in  section  and 
set  1%  inches  apart. 

Center-beaded  pine  ceiling  {%  by  4-inch),  with  a  %-inch  quarter-round 
mold  broken  around  the  edges,  is  to  be  used  for  ceiling  on  the  bottom  of 
rafters. 

The  steps  are  to  be  built  on  2  by  lo-inch  plank  carriages,  16  inches  on 
centers,  resting  on  a  4  by  6-inch  sleeper  at  the  bottom.  Treads  are  to  be 
1I/6  inches  thick,  with  molded  nosing  returned  at  the  ends;  and  risers  are  to 
be  Ys-inch  thick,  all  of  white  pine  (long-leaf  pine,  Douglas  fir). 

Boards  cut  to  pattern,  as  under  the  porch,  and  with  a  beveled  base,  are  to 
be  used  for  filling  under  the  ends  of  steps. 
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50X.  Cellar  Hatchway  or  Bulkhead,  The  bulkhead-entrance  to  cellar  is 
to  be  made  with  plank  steps  on  plank  carriages,  set  16  inches  on  centers-;  all 
to  be  planed;  no  risers. 

The  brick  (or  stone)  walls  are  to  be  covered  with  a  strong,  plank  frame 
bolted  to  the  brickwork  on  each  side  by  two  ^-inch  bolts,  20  inches  long. 
The  frame  is  to  be  covered  with  white  pine  (cypress,  cedar,  redwood,  Doug- 
las fir),  boards  with  6-inch  casings  on  the  sides.  Double  doors  are  to  be  con- 
structed of  I  by  4-inch  matched-pine  (cedar,  cypress,  Douglas  fir)  boards, 
secured  with  i>^  by  6-inch  beveled  cross-pieces  screwed  on  the  under  side. 
The  meeting-joint  is  to  be  battened  and  the  bulkhead  rendered  water-tight. 
A  water-way  is  to  be  formed  at  the  top,  and  the  edges  of  the  frame  next  the 
doors  are  to  be  covered  with  tin  and  grooved  to  catch  the  water  entering 
at  the  joints.     (See  Art.  165.) 

The  doors  are  to  be  hung  with  8-inch,  heavy,  strap-hinges  bolted  to  the 
door  and  screwed  to  the  frame,  and' provided  with  a  pivoted,  hardwood  bar- 
fastening. 

[A  single  door  may  be  secured  by  a  hook  and  staples.] 

50a.  Windows.  All  window-frames  are  to  be  made  in  accordance 
with  the  scale  and  detail-drawings.  All  are  to  be  made  of  clear,  white  pine, 
(whitewood,  also  called  poplar,  cypress,  larch,  Douglas  fir,  western  white 
pine),  except  pulley-stiles  and  parting-strips,  which  are  to  be  of  clear,  long- 
leaf  pine. 

Cellar  Windows.  All  windows  in  cellar  or  basement  are  to  have  1 94-inch 
rebated  frames  and  sills  with  i>^-inch  molded,  stafT-beads.  The  frames  are 
to  be  rebated  on  the  outer  edge  for  screens.  The  frames  on  sides  and  rear 
are  to  have  ^-inch  round-iron,  vertical  bars,  from  3  to  4  inches  on  centers, 
let  into  head  and  sill.  Frames  are  to  be  fitted  with  if^-inch  white  pine 
(cypress,  whitewood,  also  called  poplar,  larch,  western  white  pine,  Douglas 
fir)  sashes,  divided  into  lights  as  shown  and  glazed  with  first-quality  single- 
thick  glass.  The  sashes  are  to  be  hinged  at  the  top,  fitted  with  hooks  and 
staples  to  keep  them  open,  and  strong  japanned-iron  button  fastenings  (bolts 
or  slip-latches). 

The  frame  for  cold-air  opening  is  to  be  covered  with  heavy  ^-inch-mesh 
galvanized-wire  netting,  nailed  securely  on  outside  of  frame. 

Grilles.  Ornamental  wrought-iron  grilles,  made  in  the  best  manner  in 
accordance  with  the  detail  drawings,  are  to  be  furnished  and  fixed  in  the 
front  cellar-window  frames  (with  No.  14  screws). 

Casement-Windows,  All  frames  for  casement,  French  and  stationary  win- 
dows are  to  have  i^-inch  rebated  jambs  and  i^-inch  sills,  ploughed  as  per 
full-size  sections.  The  outer  edge  of  frame  is  to  set  flush  with  the  sheathing 
and  is  to  have  ij^  by  5J^-inch  casings  and  >4  by  2j^-inch  band-molds. 

The  sash  in  small  window  in  coat-closet  is  to  be  screwed  in  tight;  the 
others  are  to  be  hung  at  the  sides  to  swing  in. 

Double-hung    Windows.    All   other    windows    throughout    the  house   are 
to  have   frames   made   for   double-hung  sash,  with   J^-inch   long-leaf  pine 
pulley-stiles,   %   by   J/2-inch  parting-strips,   J^-^^^^^  ground-casings,  iH-^^ch 
yokes  and  i^^-inch  sills.    The  sills  are  to  pitch  i  inch  and  to  be  ploughed 
for  shingles  or  clapboards  as  required. 
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The  pulley-stiles  are  to  be  tongued  into  the  outside  casings  and  fitted  with 
pockfets  to  give  access  to  the  weights.  The  windows  are  to  be  cased  on 
the  outside  (over  the  sheathing)  with  i%  by  55/^-inch  white  pine  (white 
cedar,  Douglas  fir,  larch,  redwood,  cypress)  casings,  with  ^  by  2j/^-inch 
band-molds,  planted  on.  The  windows  in  first  story  are  to  have  lo-inch 
frieze-boards  above  the  band-molds,  with  molded  cornices  with  one  row  of 
dentils,  as  per  full-size  details.  Strips  of  tin  (zinc)  3  inches  wide  are  to  be 
used  for  flashing  over  the  tops  of  all  casings. 

All  frames  for  double-hung  sashes  are  to  have  ^-inch  wood  pendulums 
between  the  weights,  hung  from  the  yokes. 

Box  Heads,  The  frames  in  (specify  where)  are  to  have  box  heads  with 
the  pulley-stiles  extending  to  the  top.  The  sashes  are  to  slide  into  the  heads 
and  are  to  have  followers. 

Sashes.  All  sashes  above  the  cellar  are  to  be  made  from  special  designs, 
of  clear  well-seasoned  white  pine  (cypress,  whitewood,  also  called  poplar, 
western  white  pine,  larch,  Douglas  fir),  glued  and  wedged  in  the  best  man- 
ner, and  divided  into  lights,  as  shown  on  the  drawings.  All  sashes  in  first 
and  second-story  windows  of  main  part  of  house  are  to  be  i^  inches  thick. 
All  others  are  to  be  i^   (ij^)  inches  thick. 

The  sashes  for  French  windows  are  to  have  astragal-moldings  on  the 
meeting-stiles  and  beads  on  the  jamb-stiles  to  fit  into  the  jambs,  as  per 
full-size  sections;  bottom  rail  is  to  be  sH  inches  wide. 

Paneled  Doors  Below  Sash.  The  windows  opening  onto  the  front  bal- 
cony are  to  have  two  paneled  doors  below  the  lower  sash,  with  a  rebated 
joint  in  the  center  and  with  a  tongue  on  the  top.  The  lower  sash  is  to  be 
grooved  to  fit  over  the  tongue  and  both  sashes  are  to  slide  up  into  a  box  head. 

Storm-Sashes.  Outside  sashes  are  to  be  provided  for  all  exterior  win- 
dows on  the  north  and  west  sides  of  the  house,  and  to  be  made  of  clear, 
well-seasoned  white  pine  (cypress,  whitewood,  also  called  poplar,  larch,  west- 
ern white  pine,  Douglas  fir),  divided  into  four  lights  packed  with  listing 
around  the  edges  and  secured  to  the  frames  on  the  inside  with  (— 
storm-sash  buttons,  coppered  finish)   four  to  a  window. 

All  storm-sashes  are  to  be  glazed  with  first-quality  double-thick  glass, 
and  are  to  be  fitted,  marked  by  the  contractor  and  stored  where  directed. 

Priming.  All  sashes  are  to  be  primed  on  both  sides  by  the  contractor 
before  they  are  brought  to  the  building.  Sashes  for  rooms  which  are  to 
have  a  natural-wood  finish  are  to  be  primed  on  the  inside  with  pure,  boiled, 
linseed-oil. 

503.  Glass.  The  large  lights  of  the  middle  front  window  are  to  be 
glazed  with  polished  American-plate  glass,  back-puttied  and  secured  by 
wooden  beads. 

All  other  windows  in  the  first  and  second  stories  of  the  main  part  of  the 

house  (except  those  marked  "leaded  glass")  are  to  be  glazed  with  ( 

double-thick  glass)    ( 26-ounce  crystal-sheet  glass)    (first-quality  AA 

double-thick,  American  or  German  glass). 

All  other  sashes  are  to  be  glazed  with  first  quality  (AA)  single-thick  glass. 

All  glass  is  to  be  well-bedded,  tacked  and  puttied. 

Leaded  Glass.     (See  Art.  154.) 
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504.  Outside  Blinds.  Outside  blinds  for  (all)  windows  above  the  base- 
ment are  to  be  provided  and  hung;  to  be  made  of  first-quality  white  pine 
(whitewood,  also  called  poplar,  larch,  western  white  pine,  Douglas  fir), 
ij^  inches  thick  and  with  rolling  slats  (in  the  lower  half  only).  Blinds  for 
all  windows  4  feet  wide  and  over  are  to  be  divided  into  four  folds ;  all  others 
are  to  be  in  two  folds. 

All  four-fold  blinds  are  to  be  hung  with  wrought-iron  hinges  and  fastened 

with  gravity-lock  blind-fasts.    Blinds  in  two  folds  are  to  be  hung  with 

gravity  blind-hinges  and  fitted  with wire,  blind- fasts. 

[For 'blind-hinges  and  fasts,  see  Arts.  436  to  438.] 

All  blinds  are  to  be  marked  and  a  corresponding  mark  is  to  be  put  on 
the  frames. 

505.  Outside-Door  Frames.  All  outside-door  frames  are  to  be  made 
from  clear,  short-leaf  pine  (Douglas  fir,  spruce,  Norway  pine,  hem- 
lock) stock  i^  inches  thick,  rebated  and  beaded  on  the  inner  edges,  and 
furnished  with  i^-inch  molded,  long-leaf -pine  (white  oak,  maple,  Douglas 
fir),  thresholds.    All  are  to  be  set  plumb  and  square. 

The  frames  are  to  be  cased  on  the  outside,  over  the  sheathing,  with  i^ 
by  sJ^-inch  white  pine  (cedar,  cypress,  redwood,  Douglas  fir)  casings,  back- 
bands,  cornices,  etc.,  to  correspond  with  the  windows.  The  front  entrance 
is  to  have  side  lights  and  transom,  fluted  mullions  with  cap  and  base,  and 
molded  transom-bar  with  dentils.  Side-lights  and  transom-sash  are  to  be 
(stationary)  i^  inches  thick,  divided  into  lights  as  shown,  and  glazed  with 
26-ounce  crystal-sheet  glass. 

For  finish  under  the  side-lights,  i^-inch  sills  and  panel-work,  inside  and 
outside  are  to  be  used.  The  frames  and  sashes  are  to  be  veneered  on  the 
inside  with  kiln-dried,  quarter-sawed,  white  oak  (any  of  the  hardwoods, 
cypress,  redwood,  Douglas  fir),  and  the  panels  are  to  be  of  oak  (any  of  the 
hardwoods,  etc.). 

All  are  to  be  worked  and  put  together  in  the  best  manner,  and  in  strict 
accordance  with  the  detail  drawings.  The  (white  oak)  veneering  of  frames 
is  to  be  filled  and  shellaced  by  the  carpenter  before  it  is  brought  to  the 
building. 

506.  Preparation  for  Tiling.  The  floor  of  bath-room  is  to  be  prepared 
for  tiling,  by  nailing  ^-inch  boards  to  cleats  nailed  to  the  sides  of  the 
joists.  The  tops  of  the  boards  are  to  be  (5  inches)  below  the  top  of  the 
flooring.    The  joists  are  to  be  beveled  on  both  sides  to  an  edge  on  the  top. 

The  side  walls  are  to  be  prepared  for  tiling  by  nailing  2  by  3-inch  pieces 
horizontally  between  the  studs,  about  12  inches  apart,  to  a  height  of  4  feet 
(for  metal-lathing).  (See  Art.  214,  Chap.  V,  for  a  more  detailed  descrip- 
tion.) 

507.  Underflooring.  An  underfloor  is  to  be  laid  throughout  the  first 
and  second  stories  of  good  hemlock  (spruce,  native  pine)  boards,  surfaced 
on  one  side  and  nailed  to  every  bearing  with  two  eightpenny  nails. 

The  boards  are  to  be  laid  diagonally  on  the  beams  in  the  first  slory  oi  the 
main  part  of  the  house,  and  at  right-angles  elsewhere.  AW  end- joints  are 
to  be  cut  over  a  beam  in  every  case,  and  suitable  naUing-pieces  ^.^e  to  be  cut 
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between  the  joists  at  the  side  walls  for  the  diagonal  flooring.    The  flooring 
is  to  fit  closely  around  all  studs  and  out  to  the  outside  sheathing. 

A  single  floor  is  to  be  laid  in  the  finished  parts  of  attic  of  (4-inch)  clear, 
spruce  (native  pine)  flooring,  matched  and  blind-nailed,  and  tightly  strained, 
with  heading- joints  cut  over  bearings  in  all  cases. 

All  ridges  due  to  an  uneven  thickness  of  the  boards  are  to  be  smoothed  off 
as  soon  as  the  flooring  is  laid. 

508.  Grounds  and  Furring.  Grounds  are  to  be  put  on  for  ^-inch 
(f^-inch)  plastering  around  all  door  and  window-openings,  and  for  bases, 
wainscoting,  wood  cornices,  etc.,  as  directed;  two  lines  of  grounds  are  to  be 
placed  behind  the  base. 

Wood  corner-beads,  ^  of  an  inch  in  section,  are  to  be  put  up  on  all  pro- 
jecting corners,  stuck  as  per  marginal  sketch  (Fig.  346,  detail  B),  or,  steel 
corner-beads  are  to  be  put  on  all  projecting  angles,  set  true  and  plumb  and 
well  secured. 

All  ceilings,  including  basement-ceiling,  are  to  be  cross-furred  with  i  by 
2-inch  strips,  set  12  inches  (16  inches)  on  centers.  Rafters  in  finished 
attic-rooms  are  to  be  cross-furred  diagonally  with  strips  12  inches  on  cen- 
ters ;  attic  outside-walls  are  to  be  furred  out  with  studding  to  give  a  (4-foot) 
vertical  height,  and  attic-ceiling  is  to  be  furred  down  to  give  a  (^foot)  clear 
height. 

Arches,  cornices,  ceiling-beams,  etc.,  are  to  be  furred  as  required  by  the 
scale  drawings  and  full-size  sections. 

Furring  is  to  be  put  on  for  the  plaster-coves  in  the  parlor  and  front 
chamber,  with  brackets  cut  out  of  i^-inch  boards,  and  set  16  inches  on 
centers. 

All  chimney-breasts  are  to  be  furred  with  2  by  4-inch  studs,  set  flatwise, 

1  inch  clear  of  the  brickwork  and  16  inches  on  centers. 

The  outside  stone  walls  of  (laundry)  are  to  be  furred  with  2  by  4-inch 
studs,  set  flatwise,  16  inches  on  centers. 

All  furrings,  grounds  and  angle-beads  are  to  be  strong,  true  and  plumb. 

509^  Partitions.  All  partitions  are  to  be  set  as  shown  by  the  yellow 
color  on  the  plans,  with  2  by  4-inch  (spruce,  Douglas  fir,  Norway  pine,  short- 
leaf  pine,  hemlock)  studs,  sized  to  a  uniform  width,  set  12  inches  on  cen- 
ters for  bearing-partitions,  and  16  inches  for  all  other  partitions;  all  to  be 
straight  and  plumb.  They  are  to  be  tested  with  a  straight-edge,  and 
straightened  and  bridged  before  plastering. 

All  partitions  except  those  that  stand  over  each  other  are  to  stand  on  a 

2  by  5>4-inch  sole-piece,  and  all  are  to  have  (3  by  4-inch)  (short-leaf  pine, 
Douglas  fir,  Norway  pine)  caps.  Where  a  partition  stands  over  another 
or  over  a  wall  or  girder,  the  studs  of  the  upper  partition  are  to  stand  on 
the  cap  of  the  partition  below  or  on  the  girder,  and  not  on  the  flooring  nor 
on  the  joists.  All  openings  in  partitions  which  extend  through  more  than 
one  story  or  carry  joists,  are  to  be  trussed  over  with  double  headers,  i-inch 
apart;  and  all  partitions  not  supported  from  below  are  to  be  strongly  trussed 
so  as  to  have  the  weight  taken  off  the  middle  of  the  joists. 

All  corners  and  angles  are  to  be  formed  solid  so  that  there  can  be  no 
lathing  through  angles  from  one  room  to  another.  All  round  corners  are 
to  be  furred  for  horizontal  or  diagonal  lathing. 
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A  2-inch  plank  header  is  to  be  cut  between  the  studs  over  the  pocket  for 
sliding-door  partitions,  (8  inches)  above  the  soffit  of  the  doors;  and  the 
pockets  below  are  to  be  lined  with  ^  by  6-inch  matched  boards  (painted 
on  both  sides  before  they  are  put  up). 

All  partitions  in  first  and  second  stories  are  to  be  bridged  with  (two) 
rows  of  horizontal  (diagonal)  bridging  of  2  by  4-inch  pieces  cut  in  between 
the  studs  and  nailed  with  two  tenpenny  nails  at  each  end  of  each  piece. 

Mineral-Wool  Filling.  Mineral  wool  is  to  be  used  for  filling  in  between 
studs  at   (south  and  east)   sides  of  bath-room,  from  floor  to  ceiling. 

Mice-Stops,  Strips  of  tin,  bent  to  form  a  right  angle,  are  to  be  furnished 
and  put  down  between  the  studs  of  all  outside  walls  on  each  floor.  This 
tin  is  to  be  well  nailed  to  the  floor  and  the  sheathing  to  prevent  the  circu- 
lation of  mice.  All  holes  around  the  studs  at  partitions  are  to  be  closed  in 
the  same  way. 

510.  Cutting  and  Fitting.  All  cutting  and  fitting  required  by  plumbers, 
gas-fitters  or  steam-fitters,  and  for  furnace-pipes  and  registers,  is  to  be  done, 
and  repairs  neatly  made  afterwards.  No  bearing- timbers  are  to  be  cut  with- 
out consulting  the  architect. 

511.  Temporary  Enclosing.  The  contractor  is  to  temporarily  enclose 
the  building  as  soon  as  it  is  ready  for  lathing,  furnishing  and  hanging 
temporary  doors  with  locks  and  covering  the  windows  with  muslin, 
boards  or  temporary,  glazed  sashes.  At  least  one-half  of  the  total  number 
of  openings  are  to  be  closed  with  muslin. 

No  permanent  sash  is  to  be  set  in  the  windows  (except  in  the  unfinished 
part  of  the  attic)  until  the  plaster  is  dry. 

The  foregoing  specification  is  intended  to  cover  all  work  required 

to  complete  the  building  on  the  outside  ready  for  the  painter,  and 

to  prepare  it  on  the  inside  for  the  lather,  with  the  exception  of  the 

rough  work  for  the  stairs.     Occasionally  this  much  of  the  work  is 

let  by  itself,  the  finishing  of  the  building  being  let  under  another 

contract. 

3.    CARPENTERS'  WORK.    BRICK  BUILDINGS. 

512.  General  Provisions.  Specifications  for  the  carpenters' 
work  of  a  brick  dwelling,  with  steep  roof  in  front  and  flat  roof  in  the 
rear,  both  stopped  by  fire-walls  at  the  sides ;  copper  cornice ;  copper 
bay  window  in  second  story ;  and  brick,  stone  and  tiled  front  porch, 
without  roof.     Specifications  are  to  be  preceded  by  the  general 

conditions. 

513.  Privy.  A  temporary  privy  is  to  be  built  in  the  rear  part  of  the  lot 
as  soon  as  building  operations  are  commenced,  removed  on  the  completion 
of  the  work  (cleaned  out)  and  filled  up  with  earth,  neatly  leveled  off. 

514.  Timber.  [This  may  be  specified  as  in  Art.  490.  If  the  sizes 
are  not  all  shown  on  the  drawings  they  should  be  given  \n  l\\e  speci- 
fications.] 

515.  Framing.    The    floors,    roofs,    ceilings    a'^^   ^^tt\t!vciWi  ^it  lo  ^>e 
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framed   in    a    substantial    manner   as    shown   on   drawings    and    as   herein 
described:  all  joist-hangers,  steel  beams,  bearing-plates,  bolts,  nuts  and 
washers,    indicated    on    the    drawings    and    herein    specified   are    to    be 
^furnished  by  the  contractor. 

The  carpenter  is  to  exercise  care  in  framing  so  that  important  timbers 
will  not  require  cutting  for  furnace-pipes,  gas-pipes,  etc. 

All  framing  is  to  be  kept  2  inches  from  the  outside  of  th^  chimneys,  and 
in  no  case  is  any  timber  to  be  allowed  to  rest  on  the  chimneys. 

Floor-Framing.  The  laundry  is  to  have  a  wooden  floor  formed  of  2  by 
6-inch  joists,  16  inches  on  centers,  resting  on  a  dwarf  wall  in  the  center 
and  on  ledges  built  in  the  foundation  walls  at  the  sides.  All  other  parts 
of  basement,  except  coal-bins,  are  to  have  cement  floors. 

Girders  and  Posts.  The  dining-room  floor- joists  are  to  be  supported  by 
an  8  by  lo-inch  long- leaf  pine  (Douglas  fir)  girder  in  one  length,  supported 
at  the  ends  by  the  brick  partition- walls  and  resting  at  the  ends  on  8  by  12 
by  i-inch  cast-iron  bearing-plates  or  wall-hangers.  The  center  of  the  girder 
is  to  be  supported  by  an  8  by  8-inch  wooden  post,  dressed  on  four  sides,  and 
chamfered  at  each  corner.  The  post  is  to  rest  on  a  12  by  12  by  ij^-i^^ch 
cast-iron  plate  furnished  with  a  dowel  in  the  center  and  bedded  on  a  stone 
pier,  or  it  is  to  rest  in  a  steel  post-base. 

All  other  first-floor  joists  are  to  be  supported  by  the  partition  walls. 
Long  2  by  lo-inch  long-leaf  pine  (Douglas  fir)  planks  are  to  be  furnished 
and  are  to  be  bedded  in  mortar  on  the  walls  and  leveled  carefully  by  the 
brick-mason. 

The  ends  of  alL  floor- joists  are  to  rest  on  wall-hangers  or  are  to  be  built 
into  the  brick  walls;  in  the  latter  case  they  are  to  be  beveled  3  inches.  All 
floor-joists  are  to  be  crowned  J4  of  an  inch  for  every  12  feet  of  span. 
Where  the  ceilings  are  not  furred  the  joists  are  to  be  made  concave  on  the 
under  side  but  kept  a  uniform  width. 

All  floor-joists  are  to  be  carefully  leveled  at  their  ends,  and  on  the  brick 
walls  are  to  be  wedged  up  with  hard  brick  or  slate  chips ;  no  bond-timbers 
are  to  be  built  into  the  walls. 

Dining-room  joists  are  to  be  framed  flush  with  girder  and  supported  in 
joist-hangers. 

The  first-floor  joists  are  to  be  framed  around  all  basement-windows  with 
double  headers  and  trimmers  hung  in  joist-hangers.  Tail-joists  are  to  be 
mortised  i  inch  into  headers  and  well  spiked. 

The  floor-joists,  ceiling- joists  and  rafters  are  to  be  framed  around  all 
chimneys,  hearths,  scuttles,  skylights  and  stair-openings  with  double  headers 
and  trimmers,  framed  as  above,  except  that  all  headers  over  4  feet  long  are 
to  be  hung  in joist-hangers. 

The  trimmers  for  front-stair  well  in  second  story  are  to  be  6  by  12-inch 
long-leaf  pine  (Douglas  fir)  beams,  extending  from  wall  to  partition,  and  the 
header  is  to  be  a  lo-inch,  25-pound,  steel  beam  with  two  3  by  lo-inch  planks 
fitted  between  the  flanges  and  bolted  to  each  side  with  ^-inch  bolts,  spaced 
2  feet  apart  in  the  length  of  the  beam  and  staggered.  The  header  is  to  be 
hung  in  a  hanger  (^  by  3J^-inch  stirrup)  at  each  end.  Tail- joists  are  to 
be  framed  into  the  3  by  lo-inch  plank  (or  hung  in  hangers)  and  every  third 


SPEC  I  PICA  TIONS.  761 

joist  is  to  be  tied  to  the  header  by  a  J/^-inch  round-iron  dog,  hooked  over  the 

1  beam  and  ]et  into  top  of  the  joist. 

The  bay  window  in  the  second  story  is  to  be  framed  by  bolting  a  2  by 
lo-inch  plate  to  the  bottom  of  the  opening,  framing  2  by  12-inch  floor- joists, 
8  feet  long,  on  top  of  it,  extending  these  joists  4  feet  inside  of  the  wall  and 
securely  spiking  their  inner  ends  to  another  3  by  12-inch  floor-joist  The 
two  outer  joists  are  to  be  4  inches  thick,  with  the  common  joists  framed 
into  them.  Pieces  (2  by  4-inch)  are  to  be  cut  between  the  bay-window 
joists,  on  a  line  with  the  other  joists  to  receive  the  flooring. 

The  floor-joists  are  to  be  doubled  under  all  partitions  running  the  same 

« 

way,  spaced  4  inches  apart,  and  blocked  every  2  feet  with  4-inch  lengths  of 

2  by  12-inch  pieces  securely  spiked  to  each  joist 

Bridging.  [All  floor-joists  should  be  bridged  once  in  every  8 
feet  in  length,  as  specified  in  Art.  491.] 

Ceiling.  The  ceiling  over  third  story  is  to  be  framed  in  the  same  way 
that  the  floors  are  framed  (omitting  the  bridging),  the  joists  resting  on  the 
walls  and  on  the  partition-caps.  The  ceiling- joists  are  to  be  trussed  from  the 
rafters  of  the  flat  roof,  as  shown  on  section-drawings,  with  i  by  6-inch 
boards,  nailed  to  every  joist  and  rafter  with  tenpenny  nails.  Temporary 
supports  are  to  be  put  under  the  ceiling- joists,  6  feet  from  the  bearing- walls, 
until  the  joists  are  trussed. 

Roof-Framing.  A  4  by  lo-inch  plate,  in  two  thicknesses,  breaking  joint, 
is  to  be  bolted  on  top  of  the  front  wall,  with  ^-inch  bolts,  30  inches  long, 
built  into  the  brickwork  by  the  mason,  and  spaced  not  over  6  feet  apart. 

The  pitched  roof  is  to  be  framed  in  front  with  2  by  &-inch  rafters,  spiked 
to  the  wall-plates,  and  with  a  2  by  14-inch  long-leaf  pine  (Douglas  fir)  ridge, 
put  up  in  one  length.  Dormer-openings  are  to  be  framed  with  a  4  by  8-inch 
rafter  on  each  side,  and  a  4  by  lo-inch  header  above  the  opening,  8  feet 
above  the  third-story  floor. 

The  flat  roof  is  to  be  framed  with  2  by  8-inch  joists,  built  into  the  fire- 
walls, and  the  partitions  running  lengthwise  of  the  building  are  to  be  carried 
up  to  support  these  joists  at  their  inner  bearings.  Rafters  are  to  be  trussed 
from  ceiling- joists  as  above  specified.  Scuttle  and  skylight-openings  are  to 
be  framed  as  if  they  were  in  the  floors. 

A  2  by  lo-inch  plate  is  to  be  bolted  on  top  of  rear  wall,  with  ^-inch  bolts, 
24  inches  long  and  not  over  6  feet  apart,  with  its  upper  surface  flush  with  the 
top  of  the  roof -joists. 

Dormers.  Dormers  are  to  be  framed  with  2  by  4-inch  studs,  4  by  4-inch 
corner-posts,  4  by  4-inch  plates,  double  and  breaking  joints,  and  2  by  6-inch 
rafters,  16  inches  on  centers.  The  studs  at  sides  of  dormers  are  to  be 
notched  i  inch  over  the  rafters,  extended  to  the  floor  and  securely  spiked. 

516.  Beam-Anchors.  The  floors,  ceiling-joists  and  rafters  of  the  flat 
roof  are  to  be  tied  to  the  side  walls,  every  (6)  feet  by  iron  anchors,  formed 
of  ^  by  2-inch  irons,  '20  inches  long,  with  3  by  3  by  J^-i'^ch  plates,  riveted 
to  the  wall-ends  (or  turned  up  4  inches  in  the  wall).  Each  anchor  is  to 
extend  into  the  wall  8  inches  and  is  to  be  spiked  to  the  side  oi  the  joist,  near 
the  bottom,  by   three  twentypenny   spikes,   driven   through   O^t  ioist  and 
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clinched.    The  ends  of  the  main  ridge  are  to  be  tied  to  the  side  walls  in  the 
same  way. 

The  front  and  rear  walls  are  to  be  tied  to  the  floor- joists  every  6  feet  by 
cutting  pieces  of  2  by  4-inch  material  between  the  joists  and  spiking  the 
anchors  on  top.  The  fire-walls  at  the  sides  of  the  pitched  roof  are  to  be 
tied  to  the  rafters  twice  on  each  side  in  the  same  way. 

[The  most  effective  anchors  are  those  that  pass  entirely  through 
a  wall,  with  a  plate,  head  or  nut  and  washer  on  the  outside;  but 
such  anchors  can  be  used  only  where  the  appearance  of  the  wall  is 
of  no  consequence.  Where  such  anchors  are  considered  necessary 
on  a  finished  wall,  ornamental  heads  may  be  used.] 

517.  Partitions.     [These  may  be  specified  as  in  Art.  509.] 

518.  Lintels,  Arches,  Wood  Bricks,  Etc  Arched,  wooden  lintels,  5 
inches  high  at  the  center  and  i^  inches  high  at  the  ends,  are  to  be  put 
over  all  openings  in  brick  walls;  and  are  to  rest  not  more  than  i  inch  on 
the  brickwork. 

The  opening  for  bay  window  in  front  wall  is  to  be  spanned  by  two  lo-inch 
25-pound  steel  beams,  bolted  together  with  three  cast-iron  separators  and 
^-inch  bolts,  so  that  the  lintel  will  be  11  inches  wide,  outside  to  outside  of 
flanges.  The  beams  are  to  have  a  bearing  of  6  inches  at  the  ends,  are  to  rest 
on  8  by  12  by  i^-inch  cast-iron  plates,  and  are  to  have  an  anchor  16  inches 
long  at  each  end.  A  2  by  S-inch  plank  is  to  be  bolted  to  each  side  of  the 
web  of  the  lintel.  « 

[If  any  other  special  lintels  are  required,  they  should  be  specified 

here.] 

All  forms  for  brick  or  stone  arches  and  any  templates  required  are  to  be 
made  and  set,  as  required,  by  the  brick  or  stone-masons. 

Wooden  bricks  (2j<^  inches)  thick  are  to  be  furnished  by  the  contractor 
for  carpenters'  work,  and  the  masons  are  to  build  them  into  the  wall  wher- 
ever necessary  for  the  proper  execution  of  the  work.  (Or  porous  terra-cotta 
blocks,  or  some  approved  form  of  metal  wall-plugs  for  nailings  are  to  be 
furnished  by  the  carpenter.  See  Art.  361,  "Building  Construction  and  Super- 
intendence, Part  I,  Mason's  Work,"  by  F.  E.  Kidder.)  A  piece  of  2  by 
4-inch  spruce  is  to  be  furnished  by  carpenter  and  built  into  the  wall  back 
of  all  window-sills  by  the  mason. 

The  carpenter  is  to  spike  3  by  4-inch  joists  to  the  ends  of  the  rafters 
of  fiat  roof,  flush  with  inside  of  fire-wall,  to  hold  the  flashing. 

519.  Lookouts  and  Bond-timbers  for  Cornice.  Lookouts  of  2-inch 
plank  for  the  front  cornice  are  to  be  furnished,  set  and  notched  for  the 
plates;  also  3  by  4-inch  bond-timbers  for  the  molding  under  frieze,  and  2  by 
4-inch  vertical  pieces  every  26  inches  for  securing  the  frieze.  All  are  to  be 
built  in  by  the  brick-  mason  but  furnished  and  set  by  carpenter. 

520.  Framing  for  Bay  Windows.  The  bay  window  in  second  story  is 
to  be  framed  with  2  by  6-inch  studding,  2  by  6-inch  sole-pieces  spiked  to  top 
of  joists,  4  by  6-inch  plates  breaking  joint,  and  2  by  6-inch  rafters.  The 
outside  and  the  roof  and  the  under  side  of  the  floor- joists  are  to  be 
sheathed  with  ^-inch  native  pine   (hemlock)   sheathing,  surfaced  one  side 
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to  a  uniform  thickness.  The  sides  of  bay  and  the  roof  are  to  be  secured 
to  the  front  wall  by  (six)  ^-inch  bolts,  14  inches  long,  and  with  4  by  4  by 
j4-inch  washers  built  into  the  wall. 

521.  Protecting  Stonework.  The  carpenter  is  to  protect  all  stone  sills, 
steps,  copings,  jambs,  carved  capitals  and  other  parts  of  the  stonework  likely 
to  be  injured,  by  covering  them  with  boards  properly  secured  and  maintained 
until  all  exterior  work,  including  the  painting,  is  completed. 

522.  Sheathing  and  Underfloors.  All  roofs  and  sides  of  dormers  are  to 
be  covered  with  native  pine  (spruce,  or  hemlock)  sheathing,  free  from  holes 
or  large  knots,  surfaced  one  side  to  an  even  thickness  and  nailed  to  every 
bearing  with  two  eightpenny  nails. 

A  ridge-pole  is  to  be  formed  on  main  ridge,  made  of  two  i^  by  6-inch 
boards,  clinched  together,  set  over  the  sheathing  and  spiked  to  it 

Underfloors,  [These  may  be  specified  as  in  Art.  507,  the  boards 
being  laid  close  against  the  walls.] 

523.  Scuttle  and  Skylight.  [The  scuttle  may  be  specified  as  in 
Art.  493.] 

The  frame  for  skylight  (on  flat  roof)  is  to  be  made  of  i^-inch  white 
pine,  (cedar,  cypress)  planks,  11^  inches  wide,  set  on  top  of  sheathing  and 
pitching  6  inches  toward  the  rear.  The  top  of  frame  is  to  be  grooved  as 
per  detail,  and  the  outside  is  to  be  tinned  by  the  tinner.  The  frame  is  to  be 
covered  with  a  skylight-sash  2j4  inches  thick,  and  2  inches  wider  than  the 
frame,  with  a  ^-inch  strip  nailed  to  the  under  side  to  fit  against  the  frame. 
The  sash  is  to  be  glazed  with  ^-inch  ribbed  glass,  each  light  being  the  full 
length  of  the  sash.  The  sash  is  to  be  hung  with  heavy  wrought-iron  butts, 
and  secured  with  bar- fastening.  The  sides  of  opening  are  to  be  ceiled  from 
the  third-story  ceiling  to  the  under  side  of  the  sash  with  ^  by  4-inch  (native 
pine)  ceiling. 

A  1 3^  by  8-inch  white-pine  (cypress,  cedar)  board  is  to  be  put  across  the 
rear  wall,  with  the  top  edge  flush  with  the  sheathing  to  receive  the  gutter, 
and  a  i^-inch  quarter-round  molding  is  to  be  put  under  the  gutter. 

524.  Bulkhead.     [Same  as  in  Art.  501.] 

525.  Rear  Porch.  The  porch-floor  is  to  be  constructed  with  2  by  6-inch 
joists,  16  inches  on  centers,  placed  parallel  with  the  rear  wall  and  framed 
flush  between  6  by  8-inch  girders  resting  on  the  brick  piers. 

The  floor  is  to  be  covered  with  ^  by  4-inch  (quarter-sawed)  long-leaf 
pine  (Douglas  fir)  flooring,  matched  and  blind-nailed  and  tightly  strained. 
The  edges  of  the  floor  are  to  be  rounded  and  to  have  a  cove  underneath. 
Wide,  white  pine  (cedar,  cypress,  Douglas  fir)  casings  are  to  be  used  for 
finishing  under  the  floor  and  in  front  of  the  piers,  and  the  spaces  between 
the  piers  are  to  be  filled  in  with  (diagonal)  %  by  ij^-inch  lattice-work,  with 
15^-inch  spaces  and  a  ij^  by  7-inch,  beveled  base.  The  steps  are  to  be  built 
on  2  by  lo-inch  plank  carriages,  16  inches  on  centers,  resting  at  the  bottom 
on  a  long  stone  slab.  Treads  are  to  be  V/i  inches  thick,  and  risers  %  of  an 
inch  thick,  with  rounded  nosings  returned  at  the  ends  and  with  a  cove  under- 
neath. The  strings  are  to  be  cased  with  %-^t\cVv  ^\ne  CceAat,  cypress) 
boards,  and  lattice-work,  the  same  as  UtKjpr  tVie  poicVi,  v/itVi  %  by  5-inch 
frame  and  beveled  base,  is  to  be  used  for  fiwi^c  V^  ^^  ^t^pQ'^^^ 
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The  posts  are  to  be  formed  of  4  by  4-iiich  straight,  well-seasoned  spruce 
(cedar,  cypress),  cased  with  ^-inch  white  pine  (cedar,  cypress,  redwood), 
with  angles  chamfered.  The  rough  posts  are  to  be  carried  up  to  support 
a  6  by  8-inch  plate.  Rafters  are  to  be  2  by  6  inches;  hip-rafters  2  by  8 
inches. 

(Four)  ^-inch  bolts  (14  inches)  long,  with  4-inch,  square,  washers  to 
bolt  the  porch-roof  to  the  wall,  are  to  be  provided  by  the  carpenter  and  built 
into  the  rear  wall  by  the  mason. 

Furring  is  to  be  nailed  to  the  rafters  to  form  level  ceiling,  and  ceiled  with 
Ji  by  4-inch  center-beaded  ceiling,  with  ^-inch  quarter-rounds  at  the  edges. 

Boxing  is  to  be  placed  under  the  plate  for  a  false  beam  as  shown,  and  the 
cornice  is  to  be  finished  with  (4-inch)  crown-mold,  4-inch  fascia,  lo-inch 
planceer  and  2j^  by  %-inch  bed-mold.  A  gutter  is  to  be  formed  back  of 
crown-mold  as  per  section,  with  a  fall  of  i  inch  to  the  outlet. 

The  roof  and  gutter  are  to  be  covered  with  tin  by  the  tinner. 

The  space  between  the  posts  is  to  b,e  filled  in  with  %  by  4-inch  double- 
faced  white  pine  (cedar,  cypress)  ceiling  (3  feet  6  inches)  high,  with  a  2  by 
4-inch  rail  on  top.  A  ^-inch  quarter-round  molding  is  to  be  broken  around 
the  ceiled  panels,  inside  and  outside.  The  spaces  above  the  rail  and  over 
the  door  are  to  be  covered  with  No.  14-mesh  painted  wire  cloth,  nailed  to  the 
posts,  rail  and  beam,  and  a  half-round  molding  is  to  be  placed  over  the  edges 
(or  ^-inch  screens,  mortised  and  tenoned  together,  are  to  be  fitted  in  all 
openings  above  the  rail  and  over  the  door,  and  covered  with  No.  14-mesh, 
painted,  wire  cloth). 

The  posts  of  the  balcony-railing  are  to  be  constructed  with  5  by  5-inch 
solid,  turned,  whitewood,  also  called  poplar,  (cedar,  cypress,  redwood)  posts, 
extended  through  the  roof  and  spiked  to  the  plate.  After  the  roof  is 
tinned,  a  J^-inch  beveled  base  is  to  be  put  on  over  the  tin.  The  top  rail  is 
to  be  3^  by  ^1/2  inches  double-molded,  of  whitewood,  also  called  poplar, 
(cedar,  cypress,  redwood),  and  the  lower  rail  2fi  by  3V2  inches,  beaded  on 
the  sides  and  beveled  on  top.  Balusters  are  to  be  plain,  i^  inches,  set  4  inches 
on  centers. 

All  exposed  woodwork  about  the  porch  is  to  be  of  clear,  well-seasoned, 
white  pine  or  cypress    (cedar,  redwood),  except  where  otherwise  specified. 

A  slat-floor  is  to  be  constructed  in  (two)  sections  and  laid  on  the  tin  roof. 
It  is  to  be  made  of  (ij^  by  3-inch)  long-leaf  pine  strips,  laid  ^  of  an  inch 
apart  and  nailed  and  clinched  to  if^  by  3-inch  long-leaf  pine  cleats,  2  feet  on 
centers.    The.  floor  is  to  be  made  level  by  blocking  up  on  the  tin  roof. 

526.  Window-frames.  All  window-frames  are  to  be  made  in  accordance 
with  the  scale  and  detail  drawings,  and  as  herein  specified,  of  clear,  well- 
seasoned  white  pine  (whitewood,  also  called  poplar,  cypress,  Douglas  fir, 
larch,  western  white  pine),  and  are  to  be  set  in  position  as  soon  as  the 
stone  sills  are  set.  The  carpenter  is  to  verify  the  measurements,  to  see 
that  the  sills  are  set  in  their  proper  position,  and  if  any  sills  are  set  wrong, 
he  is  to  see  that  they  are  changed  before  setting  the  frames.  All  frames 
are  to  be  set  plumb,  kept  well  braced  during  the  construction  of  the  wall, 
by  cross-pieces  and  diagonals  to  keep  them  square  and  to  prevent  the  sides 
from  springing. 
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Cellar-Windows.  The  cellar-windows  are  to  have  2  by  12-inch  white 
pine  (whitewood,  also  called  poplar,  cypress,  Douglas  fir,  larch,  western 
white  pine)  plank  frames,  free  from  sap  or  large  knots,  rebated  for  sash 
on  the  inside  and  for  iJ/^-inch  screens  on  the  outside;  and  i^-inch  staff- 
beads  with  heads  kept  %-inch  below  the  furring-strips  (floor-joists)  and 
with  ^-inch  grounds  nailed  on  top. 

The  sills  are  to  have  a  pitch  of  i  inch,  and  are  to  be  formed  as  per  full- 
size  sections.     (See  Fig.  148.) 

The  frames  on  the  rear  and  the  sides  of  the  building  are  to  be  rebated 
on  the  outer  edges  for  ij^-inch  screens  and  are  to  have  ^-inch  round-iron 
bars  let  into  the  heads  and  sills  and  spaced  from  3  to  4  inches  on  centers. 
The  front  frames  are  to  have  ornamental-iron  grilles  (furnished  by  the 
carpenter)  as  per  scale  and  detail  drawings,  screwed  to  the  inside  of  frames, 
and  strips  for  the  screens  are  to  be  nailed  to  the  inside  of  the  frames. 

All  cellar-windows  are  to  be  furnished  with  i>^-inch  screens  fixed  with 
round-headed,  blued  screws,  and  covered  with  heavy,  galvanized-wire  netting 
on  the  outside  and  No.  14-mesh,  painted,  wire  cloth  on  the  inside. 

All  cellar-windows  are  to  have  if^-inch  white  pine  (cypress,  whitewood 
also  called  poplar,  Douglas  fir,  western  white  pine,  larch)  sashes,  made  in 
the  best  manner,  divided  into  lights  as  shown,  glazed  with  first-quality 
(AA)  single-thick  glass,  hinged  at  the  t6p  with  japanned  butts,  and  pro- 
vided with  hooks  and  eyes  for  holding  open,  and  strong  japanned  button- 
fastenings. 

Cold-Air  Opening.  A  plank  frame  for  cold-air  opening  is  to  be  made, 
finished  with  a  i^-inch  staff-bead  and  covered  with  heavy,  galvanized  netting 
nailed  to  the  outside  of  frame. 

Dormer-Window  Frames.  The  jamb,  head  and  sill  of  dormer-window  are 
to  be  stuck  from  2j/^  by  lo-inch  pine  (cypress,  whitewood,  also  called  poplar, 
Douglas  fir,  western  white  pine,  larch)  planks,  molded,  ploughed  and  re- 
bated as  per  full-size  section  (Fig.  194)  4  and  the  transom  and  muUion  from 
a  3J^  by  lo-inch  plank.  The  lower  openings  are  to  be  filled  with  a  single 
sash  hinged  at  the  sides,  and  the  transom-sash  is  to  be  hinged  at  the  bottom. 

The  back  of  jambs  and  top  of  head  are  to  be  flashed  with  strips  of  zinc, 
3  inches  wide,  bent  at  right-angles. 

Bay  Windows.  The  bay-window  frames  are  to  be  worked  out  of  i^- 
inch  pine  (cypress,  whitewood,  also  called  poplar,  Douglas  fir,  etc.)  plank, 
ploughed  for  parting-strips  and  blind-stops  and  are  to  have  ij^-inch  outside 
casings  (which  will  be  covered  with  copper).  Sills  are  to  be  i^  inches 
thick,  stuck  as  per  details.  The  sashes  in  these  frames  are  to  be  double- 
hung  with  sash-balances. 

Box  Frames.  All  other  windows  are  to  have  box  frames  for  double-hung 
sashes  (ij^-inch)  pulley-stiles  and  outside  casings,  ^-inch  box  casings, 
ploughed  for  sub-jambs,  i^-inch  sills  (formed  as  per  details),  (i^-inch 
staff-beads),  (or  ij^  by  2-inch  beaded  brick-molds)  and  Yz  by  %-inch  parting- 
strips.  Pulley-stiles  and  parting-strips  are  to  be  of  clear,  long-leaf  pine, 
with  pockets  to  give  access  to  t^e  weights.  Three-eightha-VtvcVv  pendulums' 
are  to  be  hung  in  the  boxes  to  separate  the  weig^^s.  PuWcy-sXWes  are  to  be 
ploughed  into  outside  casings. 
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All  frames  on  rear  and  sides  are  to  have  ij^-inch  Dutch  heads  with 
(3-inch)  rise.  Frames  in  front  elevation  (where  shown)  are  to  have  seg- 
ment-heads inside  and  outside  (or  are  to  be  finished  square  on  the  inside). 

Box  Heads,     [See  Art.  502.] 

527.  Sashes  and  Glass.     [Same  as  in  Arts.  502  and  503.] 
Revolving  Sashes:    Pivoted  Sashes. 

528.  Outside-Door  Frames.  The  frame  for  front  entrance  is  to  be 
made  with  i^-inch  paneled  pine  (Douglas  fir,  cedar,  cypress)  jamb,  re- 
bated and  veneered  with  j4-inch  quarter-sawed  oak,  (or  other  suitable 
hardwood),  with  i^-inch  molded,  oak  staff -bead.  (Transom,  side  lights, 
etc.)    This  frame  is  not  to  be  set  until  the  house  is  plastered. 

All  other  outside-door  frames  are  to  be  made  from  (i^  by  8-inch)  pine 
(cedar,  cypress,  Douglas  fir)  plank,  rebated  (and  reeded)  with  iJ/J-inch 
beaded  brick-molds;  transom-bars  are  to  be  placed  where  shown,  worked  out 
of  2^-inch  pine  (cedar,  cypress,  Douglas  fir)  plank,  wide  enough  to  stop 
the  screen-door.  Transom-sashes  i^  inches  thick,  divided  into  lights  as 
shown  and  glazed  with  first-quality  (single) -thick  glass,  are  to  be  furnished 
and  set  by  carpenter.  All  outside-door  frames  are  to  be  doweled  to  the 
stone  sills  by  f^-inch  iron  dowels,  and  are  to  be  anchored  to  the  walls  by 
^  b  2-inch  iron  anchors,  8  inches  long,  screwed  to  the  back  of  the  jambs,  two 
to  each  jamb.    Frames  are  to  be  set  square  and  plumb  and  maintained  so. 

Priming  of  Outside  Frames.  The  carpenter  is  to  prime  on  all  surfaces 
all  outside-door- frames  and  window-frames  (except  front-entrance  frame) 
before  they  are  set,  with  one  good  coat  of  white-lead  and  linseed-oil  paint. 
Pulley-stiles  and  parting-strips  are  to  be  primed  with  boiled  linseed-oiL 

[For  priming  of  sashes  see  Art.  502.] 

529.  Temporary  Enclosing.  [As  specified  in  Art.  511,  except 
that  it  is  well  to  enclose  a  brick  building  as  soon  as  the  roof  is  on.] 

530.  Furring,  Grounds  and  Corner-Beads.  [The  furring  and 
putting  on  of  the  grounds,  etc.,  of  a  brick  building  is  done  in  the 
same  way  as  in  wooden  buildings  (see  Art.  508  for  specifications) 
except  that  in  brick  buildings  the  walls  are  usually  furred  or 
strapped,  in  which  case  the  grounds  are  nailed  to  the  furrings. 
If  the  plastering  is  applied  directly  to  the  brick  walls  it  is  advisable 
in  good  work  to  specify  grounds  behind  picture-moldings,  chair- 
rails,  etc.]     Wall-strapping  may  be  specified  as  follows: 

The  outside  walls  are  to  be  furred  for  lathing  with  i  by  2-inch  spruce 
strips,  16  inches  on  centers,  straight  and  plumb  and  well-nailed  to  the  walls. 
Outside  stone  walls  are  to  be  plugged  every  16  inches  with  wooden  plugs 
to  receive  the  furring.  [Or,  porous  terra-cotta  blocks,  or  some  approved 
form  of  metal  wall-plugs,  are  to  be  furnished  for  nailing.  See  Art.  361, 
"Building  Construction  and  Superintendence,  Part  I,  Masons'  Work,"  by 
F.  E.  Kidder.] 

[Where  the  furring  is  nailed  to  wooden  plugs  it  is  well  to  specify 
Ij4-inch  furring  for  greater  stiffness.] 

531.  Mineral-Wool  Lining.  Mineral  wool  is  to  be  packed  between  the 
sheathing  and  laths  of  second-story  bay,  from  the  sole  to  the  plate ;  the  space. 
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also,  between  the  floor-joists  of  bay  and  on  top  of  the  matched  sheathing,  is 
to  be  filled  in  to  a  depth  of  3  inches.  (The  spaces  in  walls  of  bath-room 
around  plumbing-pipes,  etc.,  are  to  be  filled  as  specified  in  Art.  509.) 

532.  Preparation  for  Tiling.  The  floors  of  bath-room,  vestibule  and 
front  porch  are  to  be  prepared  for  tiling  (as  specified  in  Art.  506). 

533.  Underflooring.  [Same  as  in  Art.  507.  Boards  to  be  cut 
close  against  all  outside  walls.] 

534.  Mice-Stops.  [Around  partition  studs,  as  in  Art.  509 ;  out- 
side walls  are  usually  stopped  by  plastering  between  the  grounds 
just  above  the  floor.] 

535.  Cutting  and  Fitting.  The  floors  are  to  be  cut  for  registers  and 
hearths  as  may  be  required  and  are  to  be  cut,  also,  as  required  for  furnace- 
pipes,  steam-pipes,  gas-pipes  and  plumbing-pipes,  repaired  neatly  afterwards. 
No  important  timbers  are  to  be  cut  except  with  the  approval  of  the  architect. 

4.     GRAVEL  ROOFING  AND  SLATE  ROOFING. 

536.  Gravel  Roofing.  Western  Method.  This  is  to  be  included  in  the 
carpenter's  contract.  The  flat  roof  is  to  be  covered  with  five-ply  gravel 
roofing  put  on  in  the  best  manner.    The  first  layer  is  to  be  of  heavy,  dry 

felt,  put  on  with  a  2-inch  lap.    The  other  four  layers  are  to  be  of  

brand,  saturated  felt,  (25)  pounds  to  the  square.  The  covering  is  to  be  put 
on  in  courses  parallel  with  the  eaves,  each  layer  lapping  the  one  below  27 
inches,  so  that  the  roof  will  have  five  layers  in  thickness  over  all  its  parts, 
and  it  is  to  be  well  mopped  with  hot  pitch  for  a  distance  of  9  inches  from 
the  edge.  The  felt  is  to  be  secured  to  the  roof  by  threepenny  nails  furnished 
with  tin  discs  and  driven  in  rows  10  feet  apart  and  12  inches  apart  in  the 
rows.*  The  entire  surface  of  felt  and  flashings  and  the  surfaces  back  of 
the  fire-walls  are  to  be  covered  with  a  continuous  and  even  coating  of 
straight-run  coal-tar  pitch;  this  is  to  be  covered  immediately  with  a  sufiicient 
body  of  well-screened  gravel.  If  the  roof  is  laid  in  cold  weather,  the  gravel 
is  to  be  applied  hot. 

Flashing,  The  roofing  against  fire-walls,  chimneys,  scuttles  and  skylights  is 
to  be  finished  by  turning,  the  felt  up  4  inches  against  the  walls.  Over  this 
an  8-inch  strip  of  felt  is  to  be  laid  with  half  its  width  on  the  roof.  The 
upper  edge  of  the  strip  and  the  several  layers  of  felt  are  to  be  fastened  to 
the  walls  by  laths  or  wooden  strips  securely  nailed,  and  the  strip  of  felt  is 
to  be  pressed  into  the  angles  of  the  walls  and  cemented  to  the  roof  with  hot 
pitch.  The  lower  edge  of  the  strip  is  to  be  nailed  to  the  roof  every  4  or  5 
inches.  Especial  care  is  to  be  taken  in  fitting  around  the  angles  of  chim- 
neys and  skylights.  The  felt  is  to  be  extended  6  inches  up  on  the  sloping 
roof,  and  secured  every  4  inches  with  threepenny  nails  with  tin  washers. 

537.  Gravel  Roofing.  Eastern  Method.  (In  the  New  England 
States  the  saturated  felt  is  often  put  on  one  layer  at  a  time,  in  which 
case  the  first  paragraph  above  should  read  as  follows) : 

The  flat  roof  is  to  be  covered  with  one  layer  oi  Vveavy,  dx-j  ie\t  and  iour 
layers  of  saturated  felt  (weighing  25  pounds  to  the  sq]aaTc) ,  Upp«d  3  inches 

*Thia  is  not  always  done. 
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and  the  edges  cemented  with  hot  pitch.  Each  layer  is  to  be  laid  separately, 
and  the  last  two  layers  are  to  be  laid  in  hot  pitch.  The  last  layer  is  to  be 
secured  to  the  roof,  at  the  laps,  by  threepenny  nails  with  tin  washers,  spaced 
30  inches  apart    The  pitch  and  the  gravel  are  to  be  the  same  as  above. 

(Still  another  method  of  applying  the  saturated  felt  is  to  apply 
three  layers  as  in  the  Western  method,  each  layer  lapping  24  inches, 
then  to  cover  with  pitch  and  apply  one  or  two  more  layers  of  felt 
separately  in  hot  pitch.     This  makes  a  very  good  and  durable  roof.) 

Flashing.  The  felt  is  to  be  turned  up  against  fire-walls,  chimneys,  sky- 
lights and  rising-parts  4  inches,  and  flashed  with  strips  of  zinc  (or  — - 
tin),  turned  up  5  inches  against  the  walls  and  extended  3  inches  on  the  roof, 
with  the  lower  edge  secured  by  threepenny  nails,  spaced  i  inch  apart  This 
flashing  is  to  be  covered  with  4-pound  lead  or  14-ounce  copper  let  into  joints 
in  the  brickwork  at  least  i  inch  and  secured  by  wooden  plugs. 

The  counterflashing  is  to  come  within  2  inches  of  the  roo f -surf ace ;  and 
on  the  scuttles  and  skylights  it  is  to  be  turned  over  the  top  of  the  curb. 

The  joints  in  the  underflashing  are  to  be  soldered  in  a  substantial  manner. 

The  eave-stops  are  to  be  formed  on  the  gutter,  which  is  to  be  put  up  by 
the  metal-workers.  • 

The  entire  job  is  to  b*  done  in  a  thorough  and  workmanlike  manner,  and 
is  to  be  accompanied  by  a  written  agreement  or  bond  to  repair  all  leaks  within 
the  term  of  three  years  from  completion,  without  cost  to  the  owner. 

538.  Slate  Roofing.*  [To  insurj  the  best  results,  a  separate  con- 
tract should  be  made  in  all  important  cases.  Ordinary  work,  how- 
ever, can  be  included  in  the  carpenter's  contract.  The  following 
is  given  as  an  example  of  one  type  of  slate-roofing  specifica- 
tions] : 

Preparing  the  Boarding  for  the  Slate.    All  boarding  which  is  to  be  slated 

is  to  be  covered  with  two  good  layers  of  black  paper  (or  paper  of 

same  quality)  weighing  20  pounds  to  the  square,  carefully  laid  with  a  lap 
of  3  inches  in  every  course,  and  thoroughly  fastened  to  the  roof-boards  with 
nails  driven  through  tin  discs,  previous  to  the  slating.    All  roofs  and  also 

all   cheeks  of   dormers,  are  to  be   covered  with   best  quality  black 

( red,  green,  mottled  green,  or  purple)  slate.    No  slate 

is  to  be  less  than  ?ie  (iH  inches  or  %  of  an  inch)  of  an  inch  thick  (or 
thicker,  if  so  specified),  and  all  slates  are  to  have  holes  for  nails  bored  and 
countersunk.  Slates  are  to  be  laid  with  3-inch  head-cover.  All  slates  are 
to  have  both  surfaces  smooth  and  straight,  and  all  corners  are  to  be  cut 
full  and  square. 

Rendering.^  The  slates  at  the  hips,  valleys,  ridges  and  chimneys  are  to 
be  carefully  laid  in  elastic,  oil-cement  of  best  quality  for  a  distance  of  2 
feet    from   hips,   valleys,   ridges   and   chimneys,   and   are  to  be  laid   "close 

*  Much  valuable  data  for  the  revision  of  this  article  was  furnished  by  the  Maine  Slate 
Company  of  Monson,  Boston,  Mass. 

t  Much  of  the  slate  roofing  is  done  without  any  rendering  at  all.  For  good  work, 
however,  the  slates  at  hips,  ridges  and  valleys  should  be  bedded  in  elastic  or  slaters' 
cement,  and  if  the  roof  is  less  than  "one-third"  pitch,  all  of  the  slate?  9^0^14  b^  i:endere4 
9B  here  describ^^r 
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finish'*;  that  is,  with  the  metal  cut  to  size  and  inlaid  with  slate-cement  and 
thoroughly  flashed  with  14-ounce  copper  (or  i6-ounce  copper).  All  slates 
are  to  be  nailed  with  galvanized  nails  (copper  nails)  ;  the  eave-courses  are  to 
be  laid  with  double  slating.  In  fitting  the  slates  at  the  hips,  valleys  and 
ridges  of  the  different  roofs,  particular  care  is  to  be  taken  to  have  the  slates 
show  the  same  line;  this  may  require,  in  some  places,  slates  of  greater  width 
than«  specially  called  for,  and  these  are  to  be  furnished  as  required. 

Flashing,  All  scuttles,  skylights,  dormers  and  parts  of  masonry  coming 
in  connection  with  the  roof  are  to  be  flashed  in  the  best  manner  with  14-ounce 
copper  (i6-ounce  copper),  7  inches  wide  and  turned  up  3J/^  inches. 

Aprons.  Aprons  of  the  same  material,  10  inches  wide,  are  to  be  put  on 
at  the  lower  sections  of  the  roof,  which  come  against  walls  or  of  roofs  of  a 
different  pitch.  Aprons  are  to  be  put  under  dormer-window  sills,  nailed  to 
the  inside  of  the  sills  and  extending  3  inches  onto  the  slates. 

CountrHashing.  All  underflashings  against  masonry  are  to  be  counter- 
flashed  with  3-pound  (4-pound)  sheet  lead  (or  i6-ounce  copper),  worked 
2  inches  into  the  joints  of  the  masonry,  and  cemented  in  with  best-quality 
elastic  oil-cement.    All  work  is  to  be  done  as  required  by  the  architect. 

Cresting-Finials  and  Hip-Rolls.  These  are  to  be  furnished  and  put  on  by 
the  metalworker. 

[There  is  a  growing  tendency  to  use  rough,  thick  slates  in  grad- 
uated courses  and  random  sizes,  reproducing  the  effects  of  old 
English  roofs.*  This  method  of  laying  the  slates  gives  a  wide 
range  for  the  carrying  out  of  architects*  ideas  in  regard  to  texture, 
color  and  arrangement.] 

5.    INTERIOR  FINISH. 

539.  General  Conditions.  All  the  stock  for  interior  flnish  of  every  kind 
is  to  be  of  the  very  best  quality,  free  from  knots,  or  sap,  thoroughly  seasoned 
and  kiln-dried  (and  of  selected  grain).  All  is  to  be  smoothed,  scraped  and 
sandpapered  by  hand  before  it  is  put  up,  and  on  completion,  the  work  that  is 
to  have  a  natural  finish,  is  to  be  properly  cleaned  and  freed  from  all  stains 
and   finger-marks. 

No  interior  finish  of  any  kind  is  to  be  taken  to  the  building  until  the 
plaster  is  thoroughly  dry,  and  all  hardwood  finish  and  flooring  are  to  be 
taken  direct  from  the  drying-kiln  to  the  building. 

All  molded  work  is  to  be  stuck  in  accordance  with  the  full-size  sections. 

540.  Finishing-Woods.  The  laundry,  kitchen  and  rear  hall  are  to  be 
finished  in  selected  long-leaf  pine  (excepting  doors,  which  are  to  be  of 
white  pine).  The  front  hall  and  vestibule  in  first  story,  including  the 
stairway  to  second  story,  are  to  be  finished  in  quarter-sawed  white  (red) 
oak  (any  of  the  hardwoods,  cypress,  redwood,  etc.). 

The  parlor  is  to  be  finished  in  selected  (mahogany)   ol  ^  umiorm  dark 
color. 

[See  Art.  67.] 

•  Further  data  may  be  had  in  regard  to  the  ^  •  ^     .  ^i  "0\^  ^taVv*'^  ^'*''*''  "^^^  *'^^" 
^on  to  th?  Old  English  Slate  Company,  Boat  ^i^      ^ 
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The  dining-room  is  to  be  finished  in  selected  (brown  ash)  ;  library  and 
butler's  pantry  in  cypress. 

The  front  chamber  in  second  story  is  to  be  finished  in  selected  (bird's-eye 
maple)  ;  balance  of  second  story  is  to  be  finished  in  (whitewood,  also  called 
poplar)   for  staining,  or  varnishing  in  natural  color. 

All  other  rooms  and  closets  (except  cedar  closet)  throughout  the  building 
are  to  be  finished  in  white  pine  (western  white  pine,  larch,  whitewood,  also 
called  poplar,  etc.)    for  painting. 

[Other  finishing-woods  that  may  be  used  are  cherry,  chestnut, 
beech,  birch,  butternut,  various  mahoganies,  black  walnut,  gum, 
redwood,  Circassian  walnut,  Douglas  fir,  sugar  pine,  and  numerous 
others.] 

541,  Doors.  All  doors  (except  stock  doors)  are  to  be  paneled  and 
molded  in  strict  accordance  with  the  scale  and  detail  drawings  furnished 
for  the  same.  All  panels  are  to  be  loose  and  neither  glued  nor  nailed. 
All  tenons  are  to  have  ^-inch  haunches. 

Veneered  Doors  are  to  have  staved-up,  thoroughly  kiln-dried  white-pine 
cores,  with  solid  moldings  and  ^-inch  veneering  of  kiln-dried  wood,  well- 
^ued  on  both  sides. 

Sliding  Doors  are  to  have  an  astragal- joint  (he  and  she)  in  the  center 
and  5i  by  i^-inch  friction-molds  on  all  edges. 

Front  Doors.  The  front  doors  are  to  be  (2  inches)  thick,  veneered  on 
both  sides  with  clear,  quartered  (white  oak)  and  paneled  as  shown,  with 
raised  panels  and  moldings  with  a  (^-inch)  turned  bead  set  in  the  mold- 
ings. 

Vestibule-Doors  are  to  be  made  to  correspond  with  outside  doors,  except 
that  the  upper  panel  of  each  door  is  to  be  glazed  with  polished  plate  glass 
with  a  (2-inch)  bevel.  Front,  and  vestibule-doors  are  to  have  astragals 
worked  from  2  by  3-inch  oak,  glued  to  the  meeting-stiles  of  the  swinging 
leaves. 

Kitchen,  Basement  and  Other  Doors,  The  kitchen  and  basement  out- 
side doors  are  to  be  made  of  clear,  well-seasoned,  white  pine  (Douglas  fir), 
i^  inches  thick,  with  (four)  plain  panels  and  flush  moldings,  (or  are  to  be 
four-panels,  ogee  (O.  G.)  stock  doors,  first-quality,  and  i}^  inches  thick). 

All  doors  opening  into  first-story  hall,  parlor,  dining-room,  library  and 
second-story  front  chamber,  are  to  be  ifi  inches  thick,  with  five  raised  panels 
and  flush  moldings.  All  are  to  be  veneered  with  the  same  kind  of  wood  as 
the  finish  of  the  rooms. 

Doors  opening  from  any  of  these  rooms  into  closets,  are  to  be  veneered 
on  both  sides  with  the  same  kind  of  wood. 

All  other  doors  in  second  story  are  to  be  (ij^)  inches  thick,  made  of  solid 
whitewood  and  paneled  with  five  panels  with  flush  moldings. 

Sash  Doors,  The  door  from  laundry  to  basement-hallway  is  to  have  the 
upper  part  divided  into  (six)  lights  by  wooden  muntins,  and  is  to  be  glazed 
with  chipped  (ribbed)  glass;  the  glass  and  labor  for  glazing  are  to  be  fur- 
nished by  the  carpenter. 

Battened  Doors. 

All  Other  Doors.    All  other  doors  throughout  the  house  are  to  be  four- 
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panel  (O.  G.)  stock  doors  (ij^  inches)  thick  (with  plain  panels  and  flush 
moldings  on  both  sides).  The  doors  opening  into  kitchen,  rear  hall  and 
laundry  are  to  be  first-quality,  free  from  sap  and  knots,  and  cleaned  up  for 
varnishing.    All  others  are  to  be   (B)  doors. 

54a.  Door-Frames.  All  inside  doors  are  to  have  i^-inch  rebated  and 
beaded  frames  of  solid  pine  or  whitewood  for  the  pine  and  whitewood  doors, 
and  are  to  be  veneered  with  j4-inch  veneer  in  rooms  finished  in  hardwood. 
Where  a  door  is  between  rooms  finished  in  different  woods  the  frame  is  to 
show  the  corresponding  wood  on  each  side  (or  all  inside  doors  are  to  have 
(ij^-inch)  frames  with  i^-inch  O.  G.  stops,  glued  and  braded  to  the 
frames).    Frames  are  to  be  blocked  solid  ft)r  the  hinges. 

Where  a  door  opens  between  rooms  finished  with  the  same  kind  of  wood, 
the  frame  is  to  be  solid;  but  where  the  adjoining  rooms  are  finished  with 
different  woods,  the  frame  is  to  be  veneered  with  j4-inch  veneers  of  the 
corresponding  woods  on  J^-inch  pine  cores. 

All  frames  are  to  be  set  square  and  plumb. 

Thresholds. 
[In  some  localities  called  "saddles."] 

All  inside  doors  are  to  have  ^-inch  molded  thresholds  of  quartered  oak 
for  veneered  doors  and  of  long-leaf  pine  (Douglas  fir)  elsewhere. 

543.  Wainscoting.  Ceiled  Wainscoting.  The  walls  of  kitchen,  laundry 
and  rear  hall  from  basement  to  third  story,  are  to  be  wainscoted  (4  feet) 
high  with  (^  by  4-inch)  center-beaded  (three-beaded)  clear,  long-leaf  pine 
ceiling,  finished  with  a  ij^-inch  rebated  cap  but  with  no  base. 

Molded  Ceiling,  The  dining-room  is  to  be  wainscoted  (3  feet  6  inches 
high)  with  ^-inch  molded  (ash,  oak,  cypress,  cherry,  etc.)  ceiling,  stuck  in 
two  patterns  as  per  full-size  sections  and  finished  with  a  (8  by  j^-inch) 
molded  base,  a  (5-inch)  plain  necking  with  a  ^  by  i^z-inch  molding  just 
above  the  wainscoting,  and  a  iH  by  ij^-inch  molded  cap.  The  bottom  of 
the  ceiling  is  to  be  cut  on  top  of  a  i^-inch  beveled  strip,  placed  back  of 
and  ^  of  an  inch  above,  the  base. 

A  ^  by  ^-inch  O.  G.  stop  is  to  be  scribed  against  the  wall  on  top  of 
the  cap. 

Paneled  Wainscoting,  The  front  hall  and  vestibule  in  the  first  story,  the 
wall-side  of  the  stairs  from  first  to  second  story  and  the  library,  are  to  have 
paneled  wainscoting  (3  feet)  high,  divided  into  panels  as  shown  on  scale 
drawings.  The  panels  are  to  be  raised  and  molded  as  per  full-size  details. 
The  framing  is  to  be  ^  of  an  inch  thick  and  the  panels  put  in  loose;  cap  is 
to  be  molded  with  two  members  and  to  have  a  (^-inch)  turned  bead;  the 
base  is  to  be  6  inches  high  and  molded. 

544«  Bases.  The  parlor  is  to  have  a  skirting  (20  inches)  high  with 
a  (5-inch)  base;  a  12-inch  dado  veneered  on  a  staved-up  white-pine  core;  and 
a  two-member  sur-base  to  match  the  window-stool  and  apron  and  to  inter- 
sect with  them.    The  dado  is  to  be  fastened  at  the  top  only. 

All  rooms  and  passages  in  second  story  (except  bath-room  and  rear  hall) 
are  to  have  a  (8-inch)  molded  base  with  a  254  by  ?^-inch  molding  on  top,  and 
are  to  have,  also,  a  (i^-inch)  sub-base.  The  base-molding  is  to  be  rebated 
over  the  base  and  the  base  is  to  be  tongued  into  the  sub-base. 


I 


772  BUILDING-CONSTRUCTION.        (Ch.  VIII) 

All  third- story  rooms  and  the  laundry  are  to  have  an  8-inch  O.  G.  base. 
Closets  are  to  have  a  7-inch  plain  base  with  beveled  top. 

(All  bases  are  to  be  ploughed  at  the  angles  and  put  on  before  the  overfloor 
is  laid ;  an  extra  space  of  J4  an  inch  is  to  be  allowed  below  the  top  of  floor.) 

Carpet'Strips,  Quarter-round  carpet-strips,  ^  of  an  inch  in  size  and  of 
the  same  wood  used  in  the  base,  are  to  be  put  around  all  floors  and  nailed 
to  the  floor  and  not  to  the  base. 

[When  the  upperfloor  is  butted  against  the  base,  carpet-strips 

are  not  needed.] 

545.  Door  and  Window-Trim.  The  doors  and  windows  in  principal 
rooms  of  first  story  are  to  have  5  by  >i-inch  molded  casings  with  if^-inch 
molded  back-bands  mitered  at  the  angles.  Back-bands  are  to  have  ^-inch 
turned  and  quartered  bead-moldings.  Doors  are  to  have  (8-inch)  molded 
plinths. 

The  trim  in  parlor  is  to  have  a  (1%  by  lo-inch)  frieze  with  molded  and 
dentiled  cornice. 

All  doors  and  windows  in  second  and  third  stories  are  to  have  5V2-inch 
pilaster-casings,  with  turned  corner-blocks  i  inch  thick,  and  plain  ij^-inch 
plinths  (10  inches)  high.  Doors  and  windows  in  laundry,  kitchen,  pantries 
and  rear  hall  are  to  have  5-inch  O.  G.  casings. 

Bedroom  closets  are  to  have  45/^-inch  plain  casings. 

Windows  are  to  have  %-inch  sub  jambs  with  box  casings  veneered  with 
^-inch  strips  in  all  rooms  finished  in  hardwood;  and  iJ/J-inch  molded  stools 
and  4-inch  molded  aprons.  Stop-beads,  J^  an  inch  thick  and  of  the  same 
kind  of  wood  as  the  finish  of  rooms,  are  to  come  flush  with  the  box  casings, 
and  in  first  story  are  to  be  returned  on  top  of  the  sill. 

Paneled  suhjamhs,  shutter-boxes  and  paneled  backs,  if  included,  are  to  be 
specified  here. 

546.  Inside  Shutters.  ( patent  folding  inside  blinds  for  the  win- 
dows in  (parlor,  dining-room  and  library)  iJ/J  inches  in  thickness,  and  of 
the  same  kind  of  wood  as  the  finish  of  rooms,  are  to  be  provided  and  hung. 
They  are  to  be  made  in  two  sections,  upper  and  lower,  and  in  six  folds  for 
all  windows  3  feet  6  inches  wide  and  over,  and  in  four  folds  for  all  others. 
The  middle  folds  are  to  be  fitted  with  rolling  slats  and  the  side  folds  with 
panels. 

547.  Venetian  Blinds.  Venetian  blinds  with  2-inch  maple  slats,  metal 
ladders,  braided,  linen  cords  and  bronze  fixtures  complete  are  to  be  fur- 
nished and  put  up  for  the  windows  of  (second-story  front  chamber). 

548.  Inside  Sliding-Blinds. 

[See  Art.  276.] 

549.  Finish  of  Blinds.  All  inside  shutters,  Venetian  and  sliding  blinds 
are  to  be  finished  at  the  factory  to  match  a  finished  sample  obtained  from 
the  painter.    All  are  to  be  rubbed  down  to  a  dull,  gloss  finish. 

550.  Picture-Moldings.  The  carpenter  is  to  put  a  picture-molding  of 
same  kind  of  wood  as  the  finish  of  rooms,  around  the  walls  of  the  principal 
rooms  of  first  story,  and  the  walls  of  all  bedrooms.  They  are  to  be  iji  by 
2J/2  inches  in  size  in  first  story  and  %  by  i}i  inches  in  bedrooms,  all  stuck 
according  to  details.    The  picture-moldings  in  the  parlor  and  library  are  to 
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have  54-inch  turned  and  quartered  bead-molds  and  are  to  be  placed  54  an 
inch  below  the  wooden  cornice;  elsewhere  they  are  to  be  placed  18  inches 
below  the  ceiling.  The  painter  is  to  finish  the  picture-moldings,  with  the 
exception  of  the  last  coat,  before  they  are  put  up. 

[If  gilded  or  ornamental  picture-moldings  are  desired,  it  is  better 
to  include  them  with  the  decoration.] 

551,  Chair- Rails.  A  (1%  by  4j4-inch)  molded  (ash,  or  other  suitable 
hardwood)  chair-rail  to  match  the  other  finish  of  the  room,  is  to  be  put 
around  the  (dining-room).  The  top  is  to  be  (3  feet  2  inches)  from  the 
floor. 

552.  Angle-Beads,  (i^-inch)  turned  angle-beads  (4  feet  6  inches 
long)  with  turned  ornaments  at  the  ends  are  to  be  put  on  all  projecting 
plaster  angles  and  are  to  be  of  the  same  kind  of  wood  as  the  finish  of  room. 

[Or  as  described  in  Art.  232,  Chap.  V.] 

553,  Door-Stops  or  Bumpers.  Hardware  door-stops  with  inserted 
rubbers  are  to  be  put  in  the  base  or  floor  where  required  to  stop  the 
doors.  Where  rooms  are  trimmed  with  hardwood  they  are  to  match 
the  trim;  elsewhere  they  are  to  be  of  oak  or  ash. 

[These  are  often  included  in  the  hardware  specifications  and 
specified  by  manufacturers'  name  and  number.] 

554.  Wooden  Cornices,  Ceiling-Beams,  etc.  The  parlor  is  to  have  a 
mahogany  (or  other  suitable  finishing- wood),  cornice  extending  (10  inches) 
on  the  ceiling  and  (9  inches)  on  the  walls,  with  dentils,  (modillions)  and 
turned  beads,  as  per  scale  and  full-size  details. 

The  library  is  to  have  a  wooden  ceiling  with  false  beams  and  wooden 
cornice,  all  of  cypress  (or  other  suitable  finishing- wood),  the  beams  inter- 
secting with  the  cornice.  The  panels  between  the  beams  are  to  be  filled  with 
H  by  2^-inch  (double)  beaded  ceiling,  put  on  diagonally  in  some  of  the 
panels  and  at  right-angles  to  the  floor- joists  elsewhere.  A  (^  by  i-inch) 
bed-mold  is  to  be  put  around  all  panels. 

The  beams  are  to  drop  (6  inches)  below  the  panels  and  are  to  be  built 
up  of  J^-inch  stock  with  paneled  soffits  and  square  panels  at  the  intersection. 
The  cornice  below  the  wall-beams  is  to  have  one  row  of  dentils  and  one 
row  of  (^  by  i-inch)   egg-and-dart  molding,  carved  by  hand  (machine). 

All  wooden  cornices  are  to  be  fastened  with  brads  and  glue  in  the  best 
manner,  solidly  blocked  and  put  together  in  lengths  at  the  shop.  Nails 
are  to  be  concealed  as  far  as  possible^  All  dentils  are  to  be  cut  on  a  strip 
and  not  put  on  separately. 

555-  Splicing  of  Finish,  Nailing,  etc.  No  splicing  of  the  door-trim  or 
window-trim  is  to  be  allowed,  and  joints  of  bases,  chair-rails,  picture- 
moldings,  etc.,  are  to  be  carefully  matched.  All  molded  finish  is  to  be 
braded  in  the  quirks  of  the  moldings,  and  all  finish-nails  are  to  be  set  in 
for  puttying. 

[If  the  door-trim  and  window-trim  are  to  be  put  together  on  the 
bench,  as  described  in  Art.  264,  they  should  be  so  specified  here.] 

556.  Preliminary  Finish  of  Hardwood.  This  conUactor  \s  to  finish  aU 
of  the  hardwood  trim  (and  doors)  of  (hall  parlor,  d\n\ng-TOom  and  Vibrary) 
before  it  is  put  up  or  **hung,"  as  follows* 


\ 
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[Here  specify  the  kind  of  finishing-material,  number  of  coats, 
rubbing,  etc.,  desired.] 

The  final  coat  is  to  be  given  by  the  painter  when  the  carpenter's  work  is 
finished. 

Panels  are  to  be  finished  with  all  but  the  last  coat  before  they  are  put  in 
the  frames.    All  hardwood  finish  is  to  be  painted  one  good  coat  on  the  back. 

557.  Staink  The  front  stairs  from  the  first  to  the  third  stories  are  to 
be  supported  on  (2  by  12-inch)  well-seasoned  white  pine  (spruce,  Douglas 
fir,  long-leaf  pine)  "carriages,"  carefully  shaped  to  fit  the  treads  and  risers, 
and  set  level  and  true  in  line.  There  are  to  be  four  carriages  and  a  3  by 
4-inch  wall-bearer  for  stairs  from  the  first  to  the  second  story  (Fig.  533), 
and  three  carriages  from  the  second  to  the  third  story.  The  wall-bearers 
are  to  be  securely  spiked  to  the  walls.  Landings  are  to  be  formed  of  (2  by 
8-inch)  joists.  The  rough  work  of  the  stairs  is  to  be  firmly  put  up,  and  is 
to  be  self-supporting  without  the  aid  of  angle-newels. 

No  finished  work  is  to  be  put  up  until  the  plaster  is  dry. 

Curb-String  Stairs,  The  stairs  from  the  first  to  the  second  story  are  to 
have  curb-strings,  ij^-inch  treads,  ^-inch  risers  and  ij^-inch  wall-strings. 
Treads  are  to  have  molded  nosings  with  (^  by  ^-inch)  moldings  under- 
neath. The  treads  are  to  be  ploughed  into  the  risers,  and  the  risers  into 
the  under  side  of  the  treads,  and  both  are  to  be  housed  into  the  wall-strings 
[Pennsylvania  method.  Art.  300],  and  wedged  and  glued  from  the  wall-bear- 
ers. The  wall-strings  are  to  be  rebated  on  top  and  capped  with  base-molds 
to  match  the  base  in  the  hall.  The  inside  face  of  curb-strings  is  to  be  dadoed 
into  the  treads  and  risers.  The  outside  face  of  strings  is  to  be  paneled  as 
per  scale  details  with  i^-inch  framework,  flush  (raised)  panel-molds  and 
(raised)  panels,  all  carried  around  the  stair-well.  The  curb-string  is  to  be 
capped  with  a  (i^  by  6-inch)  piece,  molded  and  rebated  to  fit  over  the 
string,  with  a  J^  by  i^-inch  molding  planted  on  the  string  under  the  cap, 
and  with  a  turned  bead  let  in,  all  as  per  full-size  details.  A  (^  by  ij^-inch) 
molding  is  to  be  cut  in  between  the  balusters. 

Newels.  The  main  newel-post  is  to  be  (6  by  6  inches  in  size),  built  up, 
fluted  (paneled)  on  all  four  sides  and  is  to  have  a  molded  and  turned  cap 
with  one  (carved)  member,  neck-molding  and  hand-carved  rosettes.  It  is 
to  have,  also,  a  %-inch  molded  base. 

All  other  newels  are  to  be  (s  inches)  square,  fluted  newels,  with  molded 
and  turned  caps,  neck-moldings  and  rosettes  in  the  neckings.  A  turned  orna- 
ment is  to  be  put  on  the  bottom  of  each  drop-newel. 

The  rail  is  to  be  double-molded  out  of  (3f4  by  3^-inch)  stock  [see  Fig. 
535],  with  ramps  and  casings  at  all  newels.  Sections  of  rail  are  to  be  bolted 
together  and  to  newels. 

Bcdusters.  Balusters  iH  inches  square  are  to  be  turned  to  (three)  pat- 
terns and  are  to  be  set  (3V2  inches)  on  centers. 

Molded  panels  about  (12  inches)  wide  to  center  of  rails  are  to  be  used 
for  paneling  under  the  rake  of  the  first  flight  and  on  all  soffits.  Stiles  and 
rails  are  to  be  1%  inches  thick  and  plain  panels  are  to  be  used. 

Open-String  Stairs* 

[Boston  method,  Art.  299.] 
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The  front  stairs  from  the  second  to  the  third  story  are  to  have  open- 
strings,  molded  nosings  with  ^-inch  coves  underneath,  returned  at  the  ends 
and  carried  around  the  stair- well,  i^^-inch  treads  and  ^-inch  risers,  the 
treads  ploughed  into  the  risers,  and  the  risers  into  the  under  side  of  the 
treads,  and  the  base  dadoed  into  both;  (i  inch)  turned  balusters  (three)  to 
a  tread  and  around  the  stair-well,  in  same  proportion,  all  dovetailed  at  the 
foot  and  tenoned  into  the  under  side  of  the  rails ;  (354  by  3^-inch)  double- 
molded  hand-rails,  with  no  ramps,  4  by  4-inch  solid,  turned  newels  at  the 
angles  with  caps  and  neck-molds  and  half-newels  at  the  upper  terminals  of 
the  rails.  The  newel  at  the  foot  of  the  stairs  is  to  be  5  by  5  inches,  boxed, 
carved  and  fluted,  and  finished  with  a  molded  cap  and  base. 

The  base  on  the  wall-side  of  the  stairs  is  to  be  rebated  and  is  to  have  a 
254  by  ^-inch  molding  to  match  the  base  around  the  hall.  All  stock  is  to 
be  clear,  kiln-dried  (whitewood,  cypress,  white  pine,  or  any  of  the  hard- 
woods, etc.) I  put  up  in  the  best  and  strongest  manner.  The  stairs  are  to  be 
furred  on  the  under  side  for  plastering. 

Rear  Stairs,  The  rear  stairs  from  the  first  to  the  second  story  are  to  have 
open  strings,  rounded  nosings  with  coves  underneath,  returned  at  the  ends 
and  carried  around  the  stair-well,  ^-inch  risers  and  treads,  the  treads 
ploughed  into  the  risers,  and  the  risers  into  the  under  side  of  the  treads,  and 
both  treads  and  risers  ploughed  for  the  base  on  the  wall  side;  (i  inch)  plain, 
round  balusters  (three)  to  a  tread  and  around  the  stair-well  in  the  same  pro- 
portion, mortised  at  the  top  and  bottom ;  2^  by  3^-inch  plain,  molded  hand- 
rail newels,  and  3fi  by  354-inch  solid,  turned,  chamfered  and  fluted  newels 
at  each  angle  and  at  the  foot,  with  half-newels  at  the  upper  ends  of  rails; 
and  all  are  to  be  of  long-leaf  yellow  pine  (Douglas  fir,  Norway  pine), 
throughout. 

Attic-Stairs  (built  between  partitions).  The  rear  stairs  from  the  second  to 
the  third  story  are  to  have  ij^-inch  treads  and  %-inch  risers,  tongued  and 
grooved  together  and  housed  into  the  wall-strings.  The  treads  are  to  have 
rounded  nosings  with  coves  underneath.  The  wall-strings  are  to  be  full  l% 
inches  thick,  spiked  to  the  studding  and  rebated  on  top  with  base-molds  to 
correspond  with  the  adjoining  base. 

The  treads,  risers  and  strings  are  to  be  of  clear,  well-seasoned  white  pine 
(Douglas  fir,  Norway  pine,  long-leaf  pine),  put  up  before  plastering,  wedged 
and  glued  from  below,  and  furred  on  the  under  side  with  2  by  4-inch  stock, 
for  plastering.  The  stairs  are  to  be  protected  with  sheath ing-paper  and 
boards  until  the  carpenter's  work  is  completed.  A  2-inch  round  (ash)  hand- 
rail, secured  with  iron  brackets  and  with  ends  returned  against  the  plastering, 
is  to  be  put  up  on  one  side  of  the  stairs. 

Cellar-Stairs.  The  cellar-stairs  are  to  have  (three)  2  by  lo-inch  surfaced- 
spruce  carriages,  iJ/^-inch  long-leaf  pine  treads,  rounded  nosings,  and  J^-inch 
risers,  nailed  to  carriages;  4  by  4-inch  turned  and  chamfered  whitewood 
newels  and  two  2  by  4-inch  whitewood  rails,  rounded  on  top  sind  beaded  on 
each  side. 

Winter  Steps  for  Front,  Stone  Steps. 

558,    Arches,  Seats,  etc.  (coming  in  Qo^nect'^^^  "^"^^^  tVie.  Ixotv\.  sla\TsV 
The  stair-builder  is  to  furnish  and  put  1,^     u^  vjood^tv  ^tcVi^^  ^xtwci^  wA 
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seats  dividing  the  staircase  from  the  main  hall,  as  shown  on  the  scale-draw- 
ings and  full-size  details;  all  are  to  be  of  quarter-sawed  kiln-dried  white 
oak  (cypress,  chestnut,  etc.). 

The  backs  of  seats  are  to  be  framed  with  flush  panels  and  turned-bead, 
flush  panel-molds.  The  ends  of  the  seats  are  to  be  paneled,  molded  and 
carved  as  shown.  The  seats  are  to  be  stationary,  molded  out  of  i^-inch 
plank  (or  hinged  with  bronze  butts  for  raising).    The  risers  are  to  be  paneled. 

Mantels,  Sideboards,  Bookcases,  Mirrors. 

559.  Butler's  Pantry.  The  butler's  pantry  is  to  be  fitted  up  as  indi- 
cated on  the  drawings,  with  a  counter-shelf  (2  feet  4  inches)  wide  and  (2  feet 
8  inches)  high  all  around.  (Five)  %-inch  shelves  (ii^^-inches)  wide  arc 
to  be  put  above  the  counter-shelf.  The  top  shelf  is  to  be  (8  feet)  above 
the  floor,  and  is  to  be  ( 14  inches)  wide,  fitting  tightly  against  the  back  of  the 
cornice.  The  shelves  are  to  be  enclosed*  with  iJ4-Jnch  sash-doors,  divided 
into  (four)  lights  each  and  glazed  with  first-quality  A  A  double-thick  glass. 
The  doors  on  the  (south)  side  are  to  be  arranged  to  slide  on  brass  tracks, 
are  to  be  fitted  with  i^-inch  brass- wheel  anti- friction  sheaves  and  are  to 
slide  into  rebated  frames. 

The  doors  elsewhere  are  to  be  hinged  at  the  sides  and  are  to  have"  dust- 
proof  joints  as  per  detail-drawings.  A  ^  by  4-inch  molded  cornice  is  to  be 
put  above  all  doors,  and  if^-inch  rebated  frames  (see  Fig.  548)  are  to  be 
made  for  the  swinging  doors. 

(Six)  drawers  with  lip-fronts  are  to  be  provided  and  placed  below  the 
counter-shelf,  with  one  drawer  divided  for  knives,  etc.  The  remaining 
space  is  to  be  divided  into  cupboards  with  iJ/^-inch  (O.  G.)  paneled  doors, 
and  one  shelf  in  each  cupboard.  The  sink  is  to  be  fitted  up  with  a  ij^-inch 
grooved,  drip-board  and  frame  with  an  apron  underneath.  All  of  this  work 
(except  the  lower  shelf)  is  to  be  of  kiln-dried  (cypress)  left  clean  for  a 
natural  finish. 

[In  the  more  recent  practice  very  little  wood  is  used  in>  connection 
with  plumbing-fixtures.] 

560.  Kitchen-Pantry.  The  kitchen-pantry  is  to  be  fitted  up  as  indicated 
on  the  floor-plans  in  clear,  white  pine  (cypress),  for  natural  finish.  (Five) 
shelves  (iij^  inches)  wide  are  to  be  put  up  above  the  counter-shelf,  sup- 
ported on  neat  cleats  with  (three)  standards  from  bottom  to  top,  neatly 
let  in  and  chamfered. 

(Two)  barrel-cupboards  are  to  be  fitted  up  with  (O.  G.)  paneled  doors 
and  lifting  covers  (or  two  flour-bins  18  inches  wide,  16  inches  deep  and 
pivoted  at  the  bottom,  are  to  be  fitted  up). 

The  remaining  space  under  the  counter-shelf  is  to  be  taken  up  partly  with 
one  case  of  three  drawers  with  lip-fronts  and  partly  with  paneled  doors  about 
(16  inches)  wide,  with  one  shelf  back  of  them. 

Six  pot-hooks  are  to  be  furnished  and  put  up  where  directed. 

561.  Kitchen-Dresser.  The  dresser  in  the  kitchen  is  to  be  constructed 
and  set  up,  and  is  to  be  (4  feet  6  inches)  wide  and  (8  feet)  high,  including 
the  cornice,  and  made  according  to  the  drawings,  of  clear,  kiln-dried  (long- 
leaf  yellow)  pine  (Douglas  fir),  for  a  natural  finish.  It  is  to  have  a  counter- 
shelf  (2  feet)  wide  and  (2  feet  8  inches)   from  the  floor,  with  two  sliding 
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shelves  underneath.  The  portion  above  the  counter-shelf  is  to  have  four 
shelves  (11^  inches)  wide,  enclosed  with  three  paneled  doors,  i}i  inches 
thick  and  hinged  at  the  sides. 

Three  drawers  2  feet  long  and  20  inches  deep,  with  paneled  fronts  and 
two  ij^-inch  paneled  doors,  are  to  be  fitted  up  below  the  counter-shelf.  The 
dresser  is  to  have  paneled  ends,  solid  top  with  a  neat  cornice,  and  a  ij^-inch 
beaded  frame  for  the  doors.  The  doors  and  drawers  are  to  be  trimmed 
with  suitable  hardware  in  (amber)  bronze. 

562.  Cedar  Closet  After  the  cedar  closet  is  plastered,  the  entire  in- 
side walls,  ceiling,  floor  and  inside  of  door,  are  to  be  lined  with  (J4  by 
2^-inch)  Florida  (western  or  Alabama),  red  cedar;  tongued,  grooved,  and 
blind-nailed. 

The  closet  is  to  be  fitted  up  with  drawers  and  shelves  as  marked  on 
drawings.  The  counter-shelf  is  to  be  (20  inches)  wide  of  Florida  (western 
or  Alabama)  red  cedar.  (The  drawer-frame  may  be  built  of  white  pine 
(whitewood),  veneered  on  the  outside  with  cedar,  but  the  drawers  are  to 
be  entirely  of  cedar.) 

563.  Linen-Closet.  The  linen-closet  is  to  be  fitted  up  in  dear,  white  pine 
(whitewood)  and  left  ready  for  varnishing.  It  is  to  have  a  counter-shelf 
24  inches  wide,  3  feet  from  the  floor,  and  three  drawers  below  (4  feet)  long 
and  22  inches  deep,  with  lip-fronts.  The  bottom  of  the  lower  drawer  is  to 
be  sl4  inches  above  the  floor  and  there  is  to  be  an  O.  G.  base  below. 

(Four)  shelves  (20  inches)  wide  are  to  be  put  above  the  counter-shelf,  and 
enclosed  with  ij^-inch  paneled  and  molded  doors  (5  feet  high),  hung  at 
the  sides  (or  arranged  to  slide  on  a  brass  track  by  means  of  brass  sheaves). 
A  i^-inch  beaded  frame  is  to  be  made,  set  in  place,  and  finished  on  top  with 
a  354-inch  crown-mold. 

564.  Medicine-Chest.  The  medicine-chest  or  medicine-closet  is  to  be 
constructed  in  the  bath-room  partition  of  clear  (whitewood)  and  left  ready 
for  varnishing.  The  sides,  top  and  bottom  are  to  be  (ij^-inches)  thick, 
the  bottom  projecting  (i  inch)  beyond  the  door  and  molded  (with  a  molded 
apron  underneath). 

The  back  is  to  be  ceiled  with  J4  by  2j^-inch  ceiling;  (three)  shelves, 
j4-inch  thick  are  to  be  put  up;  and  a  i}4-inch  one-panel  door  is  to  be  hung 
in  front  and  glazed  with  a  French-plate-glass  mirror  with  a  thin  board  behind 
it    The  door  is  to  be  trimmed  with  solid-bronze  trimmings. 

[The  medicine-closet  usually  comes  just  above  the  wainscoting.] 

565.  Bedroom-Closets.  All  bedroom  closets  are  to  have  one  (12-inch) 
long-leaf  yellow  pine  (whitewood,  Douglas  fir)  shelf,  put  up  on  neat  cleats. 
Beaded  strips  (3]^  inches)  wide,  for  clothes-hooks  are  to  be  put  up  around 
all  closets. 

The  closets  for  (bedrooms  Nos.  i  and  3)  are  each  to  have  a  case  of  three 
drawers  as  long  as  the  space  will  permit,  (16  inches)  deep,  with  paneled 
fronts  and  a  counter-shelf  above,  finished  with  a  rounded  edge  and  cove; 
and  with  a  3-inch  O.  G.  base  below  the  drawers.  All  the  work  in  the  bed- 
room closets  is  to  be  of  (clear)  white  pine  (whitewood,  Douglas  fir),  (for 
painting). 

Coat-Closets. 
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Other  Closets. 

Drawers.  All  drawers  are  to  be  dovetailed  together,  each  with  the  bottom 
grooved  into  the  sides,  and  are  to  run  on  hardwood  strips. 

The  drawers  in  (linen-closets  and  cedar  closets)  are  to  be  fitted  with  the 
( ball-bearing  drawer-slides). 

566.  Ventilation  of  Cloaets.  Each  closet  (in  the  second  story)  is  to 
be  ventilated  by  means  of  a  (3^  by  lo-inch)  tin  pipe,  placed  in  the  partition, 
run  to  the  air-space  above  the  third  story  and  covered  with  a  wire  netting 
at  the  top. 

The  vent-pipes  are  to  be  connected  at  their  lower  end  with  8  by  lo-inch 
(white,  enameled)  register-faces  set  in  the  wall  )ust  below  the  ceiling;  they 
are  to  be  furnished  and  set  in  place  by  the  (carpenter). 

567.  Kitchen-Sink.  A  strong  frame  is  to  be  made  to  support  the 
kitchen-sink.  It  is  to  be  furnished  with  a  ij^-inch  frame  of  (ash)  (cypress), 
mortised  and  tenoned  together  and  with  grooved  drip-boards  at  each  end.  A 
4-inch  apron  is  to  be  placed  underneath.  The  projecting  comers  of  the 
frame  are  to  be  supported  with  (aJ^-inch)  turned  legs  of  hard  pine  (or 
heavy  japanned-iron  brackets)  (or  the  same  material  as  the  wainscoting  is  to 
be  used  for  ceiling  under  the  sink,  with  one  paneled  (battened)  door,  hung 
with  brass  hinges  and  furnished  with  a  brass  catc]  ).'*'  One  12-inch  shelf 
is  to  be  put  under  the  sink.  Two  drawers  each  4  ini.hes  high  and  16  inches  1 
deep  are  to  be  put  under  one  end  of  sink  and  to  run  Dn  hardwood  strips. 

568.  Wa8h-Tray8.t  Where  shown  on  drawmgt  stationary  wash-trays 
in  (two)  sections  are  to  be  constructed  and  set  in  place.  They  are  to  be 
made  of  clear,  seasoned,  white  pine,  i^  inches  thick,  rebated  and  put  to- 
gether with  tight,  white-lead  joints.  The  trays  are  to  be  14  inches  deep 
inside,  30  inches  long,  22  inches  wide  across  the  top  and  16  inches  across 
at  the  bottom,  with  the  fronts  beveling ;  and  they  are  to  be  set  on  a  substan- 
tial frame,  made  level  and  true.  Each  tray  is  to  have  clamp-flaps,  hung 
with  heavy,  brass  butts. 

569.  Bath-Room  Fixtures.    The  plumber  is  to  furnish  all  the  wood- 
work t  connected  with  and  a  part  of  the  bath-room  fixtures  themselves,  but  j 
the  carpenter  is  to  put  up  the  tank  and  the  water-closet  seat  in  a  neat  and 

substantial  manner. 

Plumbing-Strips.    Neat  beaded  strips  of  the  same  kind  of  wood  as  the  ' 

finish  of  the  rooms  are  to  be  put  up  for  the  plumbing-pipes  where  they  are 
exposed.  1 

Pockets  are  to  be  formed  in  the  walls  and  partitions  where  indicated  on 
the  drawings  and  they  are  to  be  provided  with  removable  (paneled)  fronts, 
let  flush  into  rebated  strips  on  each  side  and  secured  with  brass  (japanned) 
buttons. 

Clothes-Chute. 

*  In  the  b«st  modem  practice  the  use  of  wood,  in  connection  with  plumbing-fixtures^ 
ii  omitted  entirely  or  reduced  to  a  minimum. 

t  This  type  of  wash-tray  is  now  practically  obsolete.  Those  used  to-day  are  constructed 
of  porcelain,  porcelain-lined  metal,  soapstone,  etc.,  and  vary  somewhat  in  their  measure- 
ments from  those  here  given.     See  catalogues  furnished  br  thfi  different  manufacturers.  I 

t  In  the  best  modern  practice  the  use  of  wood,  in  connection  with  plumbing-fixtures,  is  I 

omitted  entirely  or  reduced  to  a  minimum. 
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570.  Dumb-waiter.  The  dumb-waiter  shaft  is  to  be  lined  with  %  by 
4-inch  long-leaf  yellow  pine  ceiling.  A  pocket  is  to  be  arranged  for  the 
weight  with  pocket-pieces  secured  with  screws.  Paneled  doors  (2  by  3  feet) 
are  to  be  made  for  the  openings  in  kitchen  and  pantry,  and  are  to  be  hung 
with  2-inch  steel-axle  sash-pulleys,  sash-cord  and  iron  weights,  care- 
fully balanced.  A  narrow  shelf  is  to  be  put  at  the  bottom  of  the  doors  and 
the  latter  are  to  be  provided  with  suitable  hardware. 

The  car  is  to  be  constructed  24  by  20  inches  in  plan  and  30  inches  in  height, 
of  clear,  white  pine  (ash,  or  other  suitable  wood),  %  of  an  inch  thick,  dove- 
tailed together  and  fitted  with  two  shelves.    It  is  to  be  hung  with  

safety,  dumb-waiter  fixtures  with  the  best  %-inch  pliable,  cotton  rope,  put  up 
in  a  substantial  manner  and  left  in  complete  working  order.  The  car  is 
to  be  exactly  balanced  by  an  iron  weight. 

571.  Overflooring.  Where  there  is  a  double  floor  the  overflooring  is 
not  to  be  laid  until  the  standing  finish  is  all  in  place. 

All  underfloors  or  subfloors  are  to  be  thoroughly  repaired  and  cleaned 
before  the  overfloors  are  laid. 

Sheathing-Paper,  One  thickness  of  ( double-ply)  parchment  sheath- 
ing is  to  be  laid  between  the  over  and  underflooring  throughout  first  story, 
and  one  layer  of  ■  double-ply,  asbestos-covered  deafening-quilt  is  to  be 
laid  between  the  floorings  throughout  the  second  story.  Three-eighth  inch 
strips  are  to  be  nailed  on  top  of  the  deafening-quilt  over  the  line  of  the  floor- 
joists. 

Wherever  floors  have  settled  so  as  to  be  out  of  level,  they  are  to  be 
furred  by  strips  set  over  the  joists  and  sized  to  bring  the  over  floor  to  a 
true  level. 

Hardwood  Floors,  The  front  hall  in  the  first  story,  is  to  have  an  overfloor 
of  quarter-sawed  white  oak  (maple)  (%  by  1%  inches)  (^^lo  by  2i/4-inches), 
matched,  laid  in  herring-bone  pattern,  as  per  details,  finished  with  a  14-inch 
border  and  blind-nailed  in  place. 

The  library  and  dining-room  are  to  have  parquetry-Hoors  (included  in  an- 
other contract)  ^ie  of  an  inch  thick,  laid  over  white-pine  (Douglas  fir, 
spruce)  flooring. 

[See  Chap.  V.,  Art.  330.] 

The  kitchen,  butler's  pantry,  laundry  and  rear  hall  in  first  and  second 
stories  are  to  have  an  overfloor  of  3-inch  (4-inch)  (2V6-inch)  first-quality, 
quarter-sawed  long-leaf  yellow  pine  (maple,  Douglas  fir)  flooring,  matched, 
blind-nailed  and  tightly  laid. 

The  dining-room  and  library  are  to  have  an  overfloor  of  ^%6  by  3^-inch 
(i%2  by  3%-inch)  matched,  second-quality,  long-leaf  yellow  pine  (Douglas 
fir,  spruce)  boards,  blind-nailed,  tightly  laid,  and  planed  to  a  perfectly  level 
surface  to  receive  the  parquetry-Aooring,  which  will  be  furnished  and  laid 
under  another  contract. 

[See  Chap.  V.,  Art.  330.] 

All  other  rooms  and  closets  throughout  the  (first  and  second  stories) 
are  to  have  an  overfloor  of  ^Yie  by  3%-inch  "first"  and  "second"  clear,  long- 
leaf  yellow  pine  (spruce,  Douglas  fir)  flooring,  matched  and  blind-nailed  and 
tightly  strained   (or,  to  have  an  overfloor  of  %  by  6-inch  second-quality, 
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white-pine  flooring)  (or  first-quality,  spruce  (Douglas  fir)  flooring),  care- 
fully jointed,  laid  to  break  joint  every  2  feet,  tightly  strained  and  nailed  over 
every  bearing  with  two  eightpenny  floor-nails. 

All  end-joints  in  flooring  are  to  be  cut  over  a  bearing  in  every  case. 
Matched  flooring  is  to  break  joint  in  every  course.  Borders  are  to  be 
mitered  around  all  hearths  and  registers.  All  overfloors  are  to  be  thor- 
oughly kiln-dried,  brought  directly  from  the  kiln  to  the  building,  and  kept 
dry  during  the  transfer. 

All  hardwood  floors,  including  the  long-leaf  yellow  pine  (Douglas  fir, 
spruce,  maple)  floor  in  kitchen,  butler's  pantry,  laundry  and  rear  hall,  are  to 
be  smoothed  and  traversed  by  hand  as  soon  as  laid  and  are  to  have  all  plane- 
marks  scraped  out.  Softwood  floors  are  to  have  all  ridges  caused  by  uneven 
thickness  smoothed  off,  but  not  traversed. 

Protection  of  Floors,  The  carpenter  is  to  call  upon  the  painter  to  oil 
the  long-leaf  yellow  pine  (Douglas  fir,  spruce)  floors  that  are  to  be  traversed, 
as  soon  as  they  are  smoothed.  The  carpenter  is  to  protect  the  hardwood 
floors  with  two  thicknesses  of  sheathing-paper,  the  under  thickness  being 
water-proof,  properly  put  down  and  maintained  in  good  condition  until  the 
painter  is  ready  to  begin  the  filling.  The  carpenter  is  to  be  responsible  for 
the  condition  of  these  floors  until  that  time. 

6.    CELLAR-WORK  AND  MISCELLANEOUS  DETAILS. 

572.  Partitions.  Board  partitions  are  to  be  put  up  where  shown  on 
basement-plan,  with  2  by  4-inch  uprights  set  3  feet  apart,  and  one  horizontal 
piece  cut  in  between.  All  are  to  be  of  good  spruce  (long-leaf  pine,  Douglas 
fir)  stock,  surfaced  on  three  sides.  The  partitions  are  to  be  ceiled  vertically 
on  one  side  only,  with  ^  by  6-inch  good,  sound,  matched,  long-leaf  yellow 
pine  (spruce,  Douglas  fir)  boards,  surfaced  on  both  sides,  set  in  a  shoe  at  the 
bottom  and  cut  to  fit  close  against  the  plastering,  floor- joists  or  underfloor  at 
the  top,  as  the  case  may  be. 

573.  Coal-Bins.  The  coal-bins  are  to  be  built  with  (3  by  4-inch)  studs, 
set  2  feet  apart.  They  are  to  be  ceiled  on  the  outside  to  the  ceiling  of  the 
room  with  (vertical)  mjitched  boards  and  sheathed  up  (4  feet)  on  the  inside 
with  i-inch  rough  sheathing.  The  openings  to  the  bins  are  to  be  provided 
with  battened  doors  of  matched  boards,  hung  with  heavy,  strap  hinges  and 
provided  with  a  good  strong  latch.  Removable  slides  of  ij^-inch  boards  are 
to  be  fitted  inside  of  the  door. 

The  floor  in  coal-bins  is  to  be  laid  with  2  by  lo-inch  spruce  (hemlock) 
planks,  spiked  to  4  by  4-inch  spruce  (cypress,  cedar  or  redwood)  sleepers, 
2  feet  apart. 

574.  Storeroom.  The  storeroom  in  cellar  is  to  be  fitted  up  on  two  sides 
of  the  room  with  (four  14-inch)  long-leaf  yellow  pine  (cypress,  Douglas  fir) 
shelves  ^-inch  thick.  The  shelves  are  to  be  supported  on  cleats  with  a  1%- 
inch  standard  in  the  center. 

One  hanging  shelf  16  inches  wide  and  1%  inches  thick  is  to  be  put  up, 
and  is  to  hang  free  from  the  walls. 

575.  Wine-CcUar.  The  wine-cellar  is  to  be  fitted  up  with  ^-inch  long- 
leaf  yellow  pine  (cypress,  Douglas  fir)  shelves,  10  inches  deep  and  9  inches 
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apart,  extending  from  the  floor  to  the  ceiling.  A  ^  by  4-inch  strip  is  to  be 
nailed  to  the  front  edge  of  each  shelf;  half-round  cuts,  i^  inches  wide  and  4 
inches  on  centers  are  to  be  cut  out  for  the  bottles.  All  shelves  in  basement 
are  to  be  surfaced  on  both  sides  and  on  the  edges. 

576.  Cold-Air  Box.  A  cold-air  box  is  to  be  constructed  from  the  open- 
ing in  the  outside  wall  to  the  duct  under  the  cellar-floor,  (12  inches  by  2  feet) 
inside  measurement,  and  is  to  be  made  of  12-inch  long-leaf  yellow  pine 
(cypress,  Douglas  fir)  boards,  surfaced  on  one  side,  and  of  4-inch  matched 
flooring.  The  box  is  to  be  provided  with  a  slide-damper  and  a  door,  opening 
into  the  cellar,  hung  with  iron  butts  and  secured  with  two  iron  buttons.  An 
air-duct  10  by  12  inches  is  to  be  constructed  from  the  register  in  the  hall-floor, 
connected  with  the  cold-air  box  below  the  damper  and  fitted  with  a  sliding- 
damper. 

577.  Ash  and  Garbage-Box.  A  strong,  double  box  of  ^-inch  matched- 
and-beaded,  long-leaf  yellow  pine  (cypress,  Douglas  fir)  is  to  be  made,  to  con- 
tain ash  and  garbage-barrels  with  a  division  between  them.  Each  part  is  to 
have  a  battened  door  in  front  for  removing  barrels,  furnished  with  a  good 
lock  and  two  keys,  and  with  a  lifting  cover  on  top,  hung  with  galvanized-iron 
(brass)  butts  and  with  galvanized  (brass)  hook-and-staple  -fastenings. 

7.    HARDWARE.*! 

578.  First  Method.    The  contractor  for  the  carpenter's  work  is  to  allow 

the  sum  of  $ for  the  hardware  trimmings  of  all  doors  and  windows, 

and  of  the  fittings  in  cedar  closet  and  butler's  pantry,  exclusive  of  sash- 
cord,  weights  and  pulleys,  tracks  and  hangers  for  sliding  doors,  hardware 
for  outside  blinds  and  shutters,  grilles  or  wire  for  cellar  windows,  foot- 
scrapers  and  hand-rail  brackets. 

This  allowance  is  to  cover  the  net  cost  to  the  contractor,  and  the  owner 
is  to  be  permitted  to  select  the  hardware  where  he  chooses,  and  is  to  have 
the  benefit  of  any  deduction  from  the  allowance. 

The  contractor  is  to  furnish  the  architect  with  a  correct  list  of  the  hard- 
ware, and  is  to  put  it  on  in  a  careful  and  workmanlike  manner. 

He  is  also  to  provide  and  put  any  other  hardware  called  for  by  the  plans 
and  specifications. 

[Here    should    follow    specifications     for    hanging    double-hung 

sashes  and  sliding  doors,  and  for  cupboard  and  drawer-trimmings, 

unless  previously  specified.     For  hanging  sashes  and  sliding  doors, 

see  Art.  581.] 

579.  Second  Method.  The  contractor  is  to  furnish  and  put  on  at  the 
proper  time  and  in  a  skillful  manner,  all  necessary  hardware  trimmings  and 

•  See  also  Arts.  445,  446  and  447,  Chap.  VI,  referring  especially  to  forms  used  in 
specifying  hardware.  The  references  in  the  following  pages  to  different  manufacturers 
of  hardware  arc  left  as  originally  written  by  Mr.  F.  E.  Kidder.  The  letters  and  numbers 
of  various  materials,  finishes,  etc.,  however,  have  been  revised. 

t  Much  valuable  data  for  the  revision  of  the  hardware-section  of  this  chapter  was 
furnished  by  the  following  firms:  P.  &  F.  Corbin,  New  Britain,  Conn.;  the  Russell  & 
Erwin  Manufacturing  Company,  New  Britain,  Conn.;  Sargent  &  Company,  New  Haven, 
Conn.;  the  Stanley  Works,  New  Britain,  Conn,  and  *^®  Yzle.  &  ToN»tve  Manufacturing 
Company,  New  York  City.  ** 
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fittings  of  the  kind  and  quality  herein  specified.  If  any  necessary  hardware 
is  omitted  the  carpenter  is  to  supply  the  same  to  correspond  with  the  hard- 
ware in  the  same  room  or  closet. 

All  hardware  is  to  be  put  on  with  screws  to  match  the  finish. 

580.  Ornamental  Hardware.  All  of  the  hardware  trimmings  of  doors 
and  windows  in  the  vestibule,  first-story  hall,  parlor,  library  and  dining-room 
are  to  be  of  (P.  &  F.  Corbin's,  Russell  &  Erwin's,  Sargent  &  Co.'s,  Stanley 
Works',  Yale  &  Towne  M'f'g.  Co.'s,  etc.)  goods,  of  the  designs  and  finishes 
indicated  below,  all  the  various  pieces  in  the  same  room  to  have  the  same 
ornamentation  and  finish.  In  this  particular  article  where  goods  are  specified 
by  number,  Sargent  &  Co.'s  catalogue  is  referred  to  unless  otherwise  specified. 

Hall  and  vestibule,  V  F-design,  O  E,  sand-finish. 

Parlor,  B  A-design,  dull-brass  finish. 

Library,  B  A-design,  dull-brass  finish. 

Dining-room,  B  A-design,  dull-brass  finish.* 

Door-Hardware.  Butts,  The  front  doors  are  to  be  hung  with  three  4J4 
by  4^-inch  heavy,  solid,  bronze  butts  to  each  door.  The  vestibule-door  is 
to  be  hung  with  three  4^  by  4J/2-inch  plated  butts.  All  other  swing  doors 
opening  into  or  from  the  hall  and  into  or  from  the  three  rooms  mentioned  arc 
to  be  hung  with  two  4  by  4-inch  plated  butts.  All  butts  are  to  be  of  the  plain, 
loose-pin  type. 

Locks,  Knobs  and  Escutcheons.  The  front  doors  (pair  of  doors)  are  to 
be  trimmed  with  cylinder-set  No.  OEso7sVF  double  trim ;  vestibule-door  with 
cylinder-set  No.  OE507SJ^VF.* 

All  other  swing  doors  in  the  rooms  above  mentioned  are  to  be  trimmed 
with  No.  5259P  lock,  with  2j4-inch  round  knobs  and  combined  escutcheons 
of  the  ornamentation  and  finish  above  indicated.  The  face  of  the  locks  is  to 
be  finished  to  match  the  knobs. 

The  sliding-doors  between  library  and  parlor  and  between  library  and 
dining-room  are  to  be  trimmed  with  No.  6964P  locks,  with  two  large  cup- 
escutcheons  of  the  ornamentation  indicated,  on  each  door. 

Flush  Bolts,  Cupboard-Doors,  etc.  The  standing-leaf  of  the  front  doors  is 
to  have  two  No.  1116P  flush  bolts  on  the  face  of  the  door,  12  inches  long  at 
the  bottom  and  18  inches  long  at  the  top;  finish  to  match. 

One  No.  OE9184VF  push-button  is  to  be  furnished  for  the  front-door 
frame. 

The  cupboard-doors  in  dining-room  are  to  be  hung  with  2;^-inch  light 
loose-pin,  ball-tipped,  solid-bronze  butts,  fitted  with  cabinet-locks  and 
trimmed  with  cabinet-escutcheons  No.  871RG;  finish  to  match. 

The  drawers  below  the  cupboard  are  to  be  trimmed  with  No.  800RG  drop- 
handles,  two  to  each  of  the  long  drawers  and  one  to  each  of  the  short  ones. 

Window  and  Shutter-Trimmings.  The  double-hung  windows  in  the  rooms 
above  mentioned  are  to  be  trimmed  with  Fitch  bronze  metal  locks,  No.  44 
size,  or  bronze-metal  sash-fasts  No.  358P,  finished  to  match  as  nearly  as 
practicable  the  other  hardware  of  the  rooms.  Two  flush  sash-lifts  of  the 
ornamentation  indicated  are  to  be  put  on  each  lower  sash. 

French  Windows.    French  windows  are  to  be  hung  with  3  by  3-inch  light, 

*  These  sets  include  lock,  knobs  and  escutcheons. 
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loose-pin,  ball-tipped,  solid-bronze  butts  and  trimmed  with  two  mortise,  flush 
bolts  on  the  standing-leaf,  and  No.  5029P  lock  with  lever-handle  and  com- 
bined escutcheon  on  the  inside  only.  Bolts,  levers,  handles  and  escutcheons 
are  to  be  of  the  same  ornamentation  and  finish  as  the  other  hardware  of  the 
rooms,  and  the  butts  are  to  be  finished  to  match ;  or  a  Yale  &  Towne  Cremornc 
bolt,  No.  160  plain,  a  Corbin  espagniolette  bar  No.  069J4,  or  a  flush  double- 
extension  bolt,  finished  to  match  the  other  hardware  of  the  room,  is  to  be 
used  for  trimming;  one  bolt  or  bar  to  each  window. 

Shutters.  The  shutters  in  the  rooms  above  mentioned  are  to  be  hung 
with  i^-inch  beveled  shutter-flaps  and  three- fold  pocket-hinges,  bronze- 
plated  and  finished  to  match  the  other  hardware  of  the  rooms. 

The  shutters  are  to  be  trimmed  with  Sargent's  shutter-bars  and  knobs, 
of  the  ornamentation  and  finish  specified  above. 

581.  Plain  Hardware.*  The  hardware  specified  under  this  heading  for 
the  first  and  second  stories  is  of  very  good  quality,  and  probably  more  durable 
than  that  specified  under  Ornamental  Hardware. 

Door-Trimmings.  Sliding  Doors.  All  sliding  doors  (including  those 
from  the  library)  are  to  be  hung  with  the  Coburn  trolley-track  No.  2  and 
Coburn  roller-bearing  parlor-door  hangers,  securely  put  up  and  carefully 
adjusted. 

Double-Action  Doors.  The  double-action  door  between  butler's  pantry 
and  kitchen  is  to  be  hung  with  two  Bommer,  7-inch  double-action  hinges, 
japanned  (or  with  one  Chicago,  double-action  hinge  and  one  blank,  both 
japanned).  This  door  is  to  be  trimmed  with  two  plain,  w rough t-bronze 
push-plates  (3  by  11  inches),  with  beveled  edges  (and  Yale  dead-lock,  No. 
270B,  with  two  No.  DP812  key-plates). 

[In  restaurants,  hotels,  etc.,  double-action  doors  between  the 
kitchen  and  serving-room  or  between  the  serving-room  and  dining- 
room  should  he  trimmed  with  kick-plates,  but  in  private  residences 

they  are  seldom  used.] 

Balance  of  First  Story.  All  other  doors  in  first  story  are  to  be  hung  with 
two  4  by  4- inch  (Stanley  wrought  steel)  loose-pin  butts,  ball-tipped  (and 
fitted  with  steel  washers).  Butts  on  doors  opening  into  rear  hall  and 
lavatory  are  to  be  Bower- Barffed.  All  others  are  to  be  japanned  finish.  The 
outside  door  of  rear  hall  is  to  be  fitted  with  a  Yale  three-bolt  lock,  No. 
1402  FX80.  Balance  of  doors  are  to  be  fitted  with  Yale  locks.  No.  1500FX80, 
where  hardware  shows  in  hall  and  lavatory,  and  with  No.  1500B  elsewhere. 
A  No.  44  Yale  rim  night-latch  is  to  be  put  on  the  outside  door  of  kitchen. 

The  doors  showing  in  rear  hall  and  lavatory  are  to  be  trimmed  with  Yale 
knobs.  No.  D35FX80  and  No.  86  escutcheon,  same  finish.  The  outside  door  is 
to  have  same  kind  of  knob  on  both  sides,  a  No.  86FX80  escutcheon  on  the  out- 
side and  a  No.  86V^FX8o  escutcheon  with  a  No.  35  thumb-knob  on  the  inside. 

The  balance  of  doors  in  the  first  story  are  to  be  trimmed  with  Yale  jet 
knobs.  No.  F205,  and  with  No.  83  escutcheons  in  natural  bronze. 

Second-Story  Doors.  All  second-story  doors  are  to  be  hung  with  two 
(Stanley  wrought-steel,  No.  241^)  4  by  4-inch  loose-pin  butts,  ball-tipped, 
bronze-plated  and  polished,  and  with  natural  finish. 

*  These  sets  include  lock,  knobs  and  escutcheons. 
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All  bedroom-doors  opening  from  hall  or  passage  are  to  be  fitted  with  Yale 
three-bolt  chamber-door  locks,  No.  1402B.  Doors  between  chambers  are  to  be 
fitted  with  Yale  communicating-door  latches,  No.  15256.  All  other  doors  in 
second  story  are  to  be  fitted  with  Yale  locks.  No.  820B. 

All  of  these  doors  are  to  be  trimmed  with  No.  D35,  Yale,  bronze  knobs 
and  No,  86  escutcheons  for  locks ;  No.  86  escutcheons  for  outside  of  bedroom- 
doors  ;  No.  865^  escutcheon  with  No.  35  thumb-knobs  for  inside  of  bedroom- 
doors;  and  three-bolt  locks.  No.  86  escutcheons  and  No.  35  thumb-knobs  for 
communicating-latches;  all  in  natural  finish. 

Ooset-doors  are  to  have  the  same  kind  of  trim  on  both  sides. 

Third-Story  Doors,  All  third-story  doors  are  to  be  hung  with  4  by  4-inch 
loose-pin  (Boston-finish)  (bronze-plated)  iron  butts,  ball-tipped  (with  steel 
washers). 

All  the  doors  in  this  story  are  to  be  fitted  with  Sargent  &  Co.'s  No.  5234 
locks  (or  Russell  &  Erwin's  No.  370  lock,  or  P.  &  F.  Corbin's  No.  785B  lock*), 
and  trimmed  with  2j4-inch  plain,  bronze-metal,  spun  knobs  and  wrought- 
bronze  escutcheons  with  rounded  edges,  i^  by  s^  inches  or  larger;  all  in 
natural  finish. 

Basement-Doors,  The  paneled  doors  in  basement  are  to  be  hung  with  4  by 
4-inch  japanned-iron  butts  (with  steel  washers),  fitted  with  Sargent  &  Co.'s 
locks,  No.  5234P,  and  trimmed  with  jet  knobs,  with  japanned  roses  and  key- 
hole-plates. 

•  The  battened  doors  are  to  be  hung  with  6-inch  Stanley,  corrugated,  T 
hinges,  No.  961,  fitted  with  Russell  &  Erwin,  No.  3806  rim  locks,  and  trimmed 
with  jet  knobs,  with  japanned  roses  and  keyhole-plates. 

The  basement  entrance-door  is  to  be  fitted  with  4-inch  wrought-steel, 
japanned  barrel-bolt  with  bent  staple. 

The  doors  to  wine-cellar  and  store-closet  are  to  be  fitted  with  Yale 
mortise  dead-locks.  No.  304,  and  trimmed  with  japanned-iron  pulls. 

Transoms,  The  transoms  over  outside  doors  of  rear  hall,  kitchen  and  rear 
balcony  are  to  be  hung  at  the  bottom  with  3-inch  narrow  butts,  those  in  the 
hall  being  japanned  and  those  elsewhere  being  bronze-plated.  All  are  to  be 
fitted  with  Yale  transom-lifters,  No.  R1S3,  Bower-Barff  finished  in  hall  and 
bronze-plated  elsewhere. 

All  transoms  over  inside  doors  are  to  be  pivoted  at  the  sides  with  i^  by 
2$^-inch  open-socket  sash-centers  (Fig.  679),  bronze-plated  and  fitted  with 
Payson's  "solid-grip"  transom-lifters,  No.  203,  bronze-plated  (or  Yale,  No. 
R153,  or  Russell  &  E^win,  No.  130^^,  3- foot,  bronze-plated),  (or  finished  to 
match  the  other  hardware  of  the  room). 

Window  Hardware,  Double-Hung  Windows.  The  windows  in  second- 
story  bay  are  to  be  hung  with  Pullman  side-pattern  balances.  No.  16  (or 
Pullman  tandem,  side-pattern  balances.  No.  1016). 

All  sashes  in  box  frames  which  are  glazed  with  plate  glass  are  to  be  hung 
with  254-inch  Norris,  bronze-metal  face,  noiseless  pulleys,  Samson,  spot  cord. 
No.  8,  and  iron  weights  carefully  balances ;  or  are  to  be  hung  with  Grant,  over- 
head, tape  pulleys,  with  2j4-inch   wheels,  electro-bronze   faces,  aluminum-' 

*  These  locks  are  all  good  one-tumbler  locks,  and  of  about  the  same  grade ;  locks  of  a 
much  higher  grade  are  often  used. 
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bronze  sash-ribbons  and  iron  weights  carefully  balanced;  or  are  to  be  hung 
with  Gardner,  anti-friction,  square-end  pulleys,  with  2j4-inch  wheels,  bronze 
faces,  sash-ribbons,  and  iron  weights  carefully  adjusted.  Faces  of  pulleys  in 
hall,  parlor,  dining-room  and  library  are  to  be  finished  to  match  the  other 
hardware  of  the  room.  Should  any  of  the  frames  be  too  short  for  iron 
weights  to  work  properly,  Raymond's  compressed-lead  sash-weights  are  to  be 
used  instead  of  the  iron  weights. 

All  other  double-hung  windows  are  to  be  hung  with  2-inch  noiseless  pulleys 
with  turned  iron  wheels  and  square,  bronze-plated  (amber-bronze)  fronts; 
Samson  spot-cord  (Silver  Lake  sash-cord),  No.  8  size  for  all  weights  of 
IS  pounds  and  over  and  No.  7  for  lesser  weights ;  and  with  iron  weights  care- 
fully adjusted. 

Sash-Locks  and  Sash-'Lifts.  The  sashes  throughout  the  second  story  are 
to  be  trimmed  with  Ives  cast-bronze  sash-locks,  No.  534  (Fitch  sash-locks. 
No.  24,  Sargent's,  No.  860P),  and  plain,  wrought-  (cast-)  bronze,  flush,  sash- 
lifts,  two  on  each  lower  sash  which  is  30  or  more  inches  in  width,  and  one  on 
all  others.  The  lower  sashes  of  bay  windows  [See  Art.  429]  are  to  have  the 
combined  sash-lift-and-Iock,  Russell  &  Erwin,  No.  0776.  A  Wilier,  plain- 
bronze  sash-lift  is  to  be  put  on  each  upper  sash  about  12  inches  above  the 
meeting- rail. 

One  window  in  each  second-story  bedroom  is  to  be  fitted  with  a  No.  1405 
Corbin,  bronze-metal  sash-bolt,  with  three  strikes.     [For  ventilation.] 

All  double-hung  sashes  in  third  story  and  in  rear  portion  of  first  story 
are  to  be  trimmed  with  Ives,  No.  150  stamped-bronze  sash-locks  (Fitch  lock, 
No.  22,  Sargent's  No.  T354a),  and  wrought,  bronze-hietal,  hook,  sash-lifts, 
two  to  each  lower  sash  30  inches  wide  and  over,  and  one  ort  all  others. 

(Wilier  sash-lifts  or  sash-sockets  are  to  be  put  on  upper  sashes.) 

Stop-Beads,  All  stop-beads  of  double-hung  windows  in  first  and  second 
stories  are  to  be  secured  with  a  window-stop  adjuster  finished  to  match  the 
other  hardware  of  the  room  and  spaced  about  12  inches  apart. 

Doors  Under  Windows,  Where  there  are  doors  below  the  sashes  they  are 
to  be  hung  with  3  by  3-inch  light  loose-pin,  solid-bronze  butts,  ball-tipped. 
One  4-inch  bronze-metal,  square-cased  bolt  (or  4-inch  bronze-metal,  flush  bolt) 
is  to  be  provided  for  each  one  of  these  doors,  and  is  to  go  into  the  sill.  There 
is  to  be  one  2-inch  real-bronze  cupboard-turn  at  the  center,  and  a  flush-lift- 
and-lock  combined,  in  bronze-metal  (Yale  &  Towne,  No.  GL11349),  to  go  on 
the  lower  sash. 

Casement-Windows,  The  casement-windows  in  the  second  story  are  to  be 
hung  with  3  by  3-inch  light,  loose-pin,  solid-bronze  butts,  ball-tipped  and 
fitted  with  (Russell  &  Erwin)  casement-adjusters  (No.  20,  15-inch)  or  with 
Corbin  casement- fastener.  No.  02i6iJ^  (Russell  &  Erwin,  No.  iiYz)  or  with 
Yale  &  Towne  Cremorne  bolt,  No.  160,  plain,  natural-bronze  finish. 

Pivoted  Sash,  Sashes  which  are  pivoted  at  the  top  and  bottom  are  to  be 
fitted  with  Yale  sash-centers,  No.  1335  and  Yale  sash-adjusters  No.  215,  15- 
inch. 

Cupboard-Trimmings,  The  swinging  sash-doors  in  butler's  pat\try  are  to  be 
fitted  with  (Stanley)  25<2-inch  loose-pin  light,  narrow  butts,  ba\\-t\p^ed, 
bronze-plated   and  polished,  two    (three)    to   ^  door;  iy^-\t\cV\  XiXQtvLt-meXaV 
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cupboard-turns  and  Yale  standard,  mortise  dead-lock,  No.  26s,  (or  Yale 
cupboard-lock,  No.  5503).  The  sliding  doors  are  to  be  fitted  with  one 
bronze-metal  flush  pull,  1%  by  3  inches,  on  each  door  (and  Yale  lock. 
No.  543). 

The  cupboard-doors  below  counter-shelf  are  to  be  fitted  with  (Stanley, 
No.  297)  2-inch  loose-pin,  light,  narrow  butts,  ball-tipped,  polished  and 
bronzed,  and  2-inch  bronze  cupboard-turns,  with  anti- friction  strikes.  The 
standing-leaf  of  double  doors  is  to  have  a  bronze  elbow-catch  on  the  back. 

The  sash-doors  and  cupboard-doors  in  cedar  closet  and  linen-closet  are  to  be 
trimmed  as  specified  for  the  doors  in  butler's  pantry,  without  the  lock.  All 
are  to  be  in  natural-bronze  finish. 

The  cupboard-doors  in  the  Tcitchen-pantry  are  to  be  hung  with  2-inch  nar- 
row, japanned  butts,  and  trimmed  with  2-inch  bronze-plated  (Boston  finish) 
cupboard-catches,  with  elbow-catch  for  standing-leaf. 

Medicine-Closet.  The  door  of  medicine-closet  is  to  be  trimmed  with  2ji- 
inch  light,  solid-bronze  butts,  ball-tipped  and  (Corbin,  No.  025  lock  with 
escutcheon-plate  No.  2560). 

Drawers,  The  drawers  in  butler's  pantry,  cedar  closet  and  linen-closet 
are  to  be  fitted  with  1J/2  by  3j/$-inch  solid-bronze  drawer-pulls,  Corbin  pattern. 
No.  2106,  two  on  each  drawer  24  or  more  inches  in  length,  and  one  on  the 
others. 

Two  drawers  in  butler's  pantry  are  to  be  fitted  with  Yale  "Paracentric" 
locks.  No.  5553.  All  other  drawers  are  to  be  fitted  with  4-inch  square-rim, 
figured-iron  drawer- pulls,  No.  3  finish,  two  on  each  drawer  28  or  more  inches 
in  length,  and  one  on  the  others. 

Clothes-Hooks,  The  bedroom  closets  and  the  closet  opening  from  the  rear 
hall  are  to  be  fitted  with  japanned,  double,  cast-iron  clothes-hooks,  set  9 
inches  apart,  all  around  the  closet. 

The  closet  under  the  front  stairs  is  to  have  twelve  bronze  clothes-hooks 
(similar  to  Yale  &  Towne  hook.  No.  456),  and  four  coat-and-hat-hooks  (sim- 
ilar to  Yale  &  Towne  hook,  No.  416). 

[The  hardware  for  storm-windows,  screens,  outside  blinds,  etc., 
is  usually  specified  in  connection  with  the  fixtures  (see  Arts.  502 
and  504),  but  if  it  is  not  there  specified  it  should  be  specified  here.] 

8.    HEAVY  FRAMING.*    CARPENTERS*  WORK. 

582.  Explanation.  The  following  specification-form  is  offered 
as  a  guide  in  specifying  heavy  framing;  but  as  buildings  of  this 
class  vary  greatly  in  the  character  of  their  construction,  only  those 
features  which  are  generally  common  to  all,  are  mentioned.  All 
special  features  should  be  carefully  shown  by  scale  drawings  and 
details,  and  further  described  in  the  specifications. 

The  building  hereinafter  considered  is  a  three-story  brick  build- 
ing with  the  floors  of  mill-construction,  with  wooden  posts  and  with 
a  trussed  roof  over  the  third  story.    The  roof  has  a  pitch  on  each 

*  Sec  Chap.  VII,  Arts.  475  to  487. 
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side  of  5  inches  to  the  foot,  and  is  covered  with  roll  or  standing-seam 
steel  roofing.  At  one  corner  of  the  building  is  an  octagon  tower, 
terminating  in  an  open  belfry.  All  ironwork  is  to  be  included  in 
the  carpenters'  contract. 

[General  Conditions.     (As  in  Art.  489.)] 

583.  Additional  General  Conditions.  All  timbers,  furring-stock,  iron 
plates,  steel  beams,  hangers,  joint-bolts,  truss-rods  and  all  ironwork  and 
hardware  of  every  sort  for  the  floors,  roofs,  trusses  and  belfry,  and  wherever 
necessary  or  required  throughout  the  entire  work,  as  shown  or  as  may  be 
shown,  by  the  working  drawings  and  the  specifications  thereon  written,  are 
to  be  furnished  by  the  carpenter.  The  several  parts  of  the  work  are  to  be 
framed,  raised  and  fixed  in  position. 

Every  steel  beam  and  all  metal  work  is  to  be  painted  one  good  coat  of  red 

lead  and  linseed-oil  ( graphite  paint)  before  it  is  set  in  position,  and  all 

hangers,  post-caps,  anchors,  etc.,  are  to  be  dipped  in  the  same  kind  of 
paint. 

584.  Timber.  All  posts,  planks  for  girders,  floor-joists,  truss-timbers 
and  purlins,  and  all  special  timbers  marked  H.  P.  (hard  pine)  on  framing- 
plans  are  to  be  of  the  best  quality,  straight-grained,  long-leaf  yellow  pine 
(Douglas  fir),  thoroughly  seasoned,  sawed  full  and  square  to  dimensions  (and 
surfaced  on  four  sides ;  and  the  timbers  when  surfaced  are  to  be  within  ^  of 
an  inch  of  the  sizes  marked  on  the  framing-plans). 

All  other  framing-timbers,  including  rafters,  are  to  be  of  the  best-quality, 
straight-grained  (Eastern)  spruce  (long^leaf  yellow  pine,  Douglas  fir),  full 
and  square  to  the  dimensions  marked  on  the  drawings. 

All  timbers  are  to  be  framed  and  put  together  in  a  skillful  manner, 
according  to  the  plans,  sections  and  details  and  these  specifications. 

The  posts  in  the  first  and  second  stories  are  to  have  i  by  i-inch  chamfers  on 
the  angles,  stopped  12  inches  above  the  floor  and  4  inches  below  the  iron 
caps.    All  other  timbers  are  to  have  square  edges. 

The  basement-posts  are  to  rest  on  steel  post-bases  or  cast-iron  base-plates, 
made  as  per  detail-drawings  and  bedded  in  cement  mortar  by  the  stone- 
mason.   The  carpenter  is  to  see  that  they  are  set  true  and  level. 

Cast-iron  caps  (or  steel  or  malleable-iron  post-caps  of  approved  de- 
sign (see  Art.  459,  "Post-Caps,"  Chap.  VII)  are  to  be  furnished  for  all 
posts,  and  bolted  to  the  posts  and  girders  as  shown.  Each  upper  post  is 
to  rest  on  the  cap  of  the  post  below  and  not  on  the  girder. 

The  steel  beams  for  basement-girders  are  to  be  furnished,  of  the  sizes 
and  weights  indicated,  and  3  by  14-inch  planks  arc  to  be  fitted  to  the  sides 
of  the  beams  and  secured  by  ^-inch  bolts,  placed  20  inches  on  centers. 

The  girders  supporting  the  second  and  third  floors  are  to  be  solid  timbers. 

The  ends  of  all  girders  are  to  rest  on  approved,  steel,  wall-hangers  (wall- 
boxes  or  wall-plates)  and  in  no  case  are  they  to  rest  on  steel,  stirrup  wall- 
hangers. 

All  floor-beams  and  girders  are  to  be  framed  with  top  surfaces  flush,  the 
beams  resting  on  approved  hangers.  The  wall  ends  are  to  hang  in  approved 
wall-hangers  or  rest  in  wall-boxes  or  wall-plates  of  the  required  dimensions 
and  are  to  have  the  wall-ends  cut  to  a  4-inch  bevel.    The  inner  ends  of  the 
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beams  are  to  hang  in  hangers  of  the type  or  in  steel-hangers  or  stir- 
rups of  the  required  sizes. 

The  staircase-opening  is  to  be  framed  around  with  headers  and  trimmers  of 
the  size  shown,  hung  in  (the  same  kind)  of  hangers.  The  tail-beams  are 
to  be  secured  as  specified  above ;  the  header  is  to  be  secured  to  the  trimmers  by 
^-inch  round-iron  dogs,  i6  inches  long,  turned  down  2  inches  into  the 
wood.  Three-inch  long-leaf  yellow  pine  (Douglas  fir)  planks  of  the  same 
depth  as  that  of  the  beams  are  to  be  framed  between  the  floor-beams  against 
the  side  walls  to  receive  the  underfloor;  these  pieces  are  to  hang  in  3-inch 
joist-hangers. 

585.  Roof -Trusses.  The  roof -trusses  are  to  be  cpnstructed  as  shown  on 
the  scale  and  detail  drawings.  All  rods  are  to  be  of  medium  steel,  upset  with- 
out welding,  and  each  rod  is  to  have  a  head  on  one  end  and  a  square  nut  on 
the  other.  All  bolts,  nuts,  plates  and  washers  shown  on  the  drawings  are  to 
be  put  in,  and  the  timbers  are  to  be  fitted  to  make  tight  joints  with  even  bear- 
ings. Timbers  are  to  be  raised  and  fixed  in  position  in  the  most  careful  man- 
ner to  guard  against  accidents.  The  trusses  are  to  be  crowned  Ij4  inches  in 
the  center. 

The  trusses  are  to  rest  on  cast-iron  plates,  made  as  per  detail  drawings 
and  carefully  bedded  in  cement  on  the  brickwork.  The  trusses  are  to  be 
braced  from  the  walls  with  wooden  braces  bolted  to  the  trusses,  and  to  6  by 
lo-inch  uprights  set  against  wall,  and  resting  on  stone  corbels.  These  up- 
rights are  to  be  bolted  to  the  walls  with  three  ^-inch  bolts  22  inches,  long, 
furnished  with  6  by  6  by  J^-inch  plate-washers  on  the  wall  ends. 

The  purlins  are  to  be  framed  as  shown  on  sections  and  roof-plans.  The 
two  outer  rows  are  to  be  supported  from  the  trusses  by  6  by  8-inch  posts, 
capped  with  6  by  8  by  30-inch  bolsters.  The  bolsters  are  to  be  secured  to  tops 
of  the  posts  by  two  H  by  12-inch  square  drift-bolts,  driven  in  ^-inch  round 
holes,  and  are  to  be  bolted  to  the  purlins  with  one  ^-inch  bolt  in  each  end. 
The  bottom  of  each  post  is  to  be  secured  and  the  posts  are  to  be  braced  from 
the  trusses  as  shown ;  the  purlins,  also,  are  to  be  braced  from  the  posts  with 
6  by  6-inch  braces,  gained  into  the  posts  and  purlins  I/2  an  inch  and  secured 
with  ^  by  8-inch  lag-screws. 

The  other  purlins  are  to  be  hung  from  the  top  chord  of  the  trusses  on 
3H  by  f^-inch  double  stirrup-irons  and  are  to  be  tied  together  with  ^-inch 
round-iron  dogs,  32  inches  in  length  and  turned  down  into  the  timber  1]^ 
inches. 

The  ends  of  all  purlins  are  to  be  tied  to  the  walls  with  ^-inch  iron 
anchors,  passed  through  the  walls  and  secured  with  5-inch  star-washers  (orna- 
mental wrought-iron  washers)  and  nuts  on  the  outer  ends.  The  inner  ends 
are  to  be  flattened  and  spiked  to  the  sides  of  the  purlins  with  three  twenty- 
penny  spikes. 

A  wall-plate  made  of  two  2  by  12-inch  long-leaf  yellow  pine  (Douglas  fir) 
planks,  is  to  be  bolted  on  top  of  the  side  walls  and  laid  so  as  to  break  joints 
and  to  form  a  continuous  tie  from  end  to  end  (or  around  the  building,  if  there 
is  a  hip-roof).  The  plate  is  to  be  secured  to  the  wall  with  ^-inch  (%-inch 
bolts,  20  inches  long,  each  with  a  4  by  4  by  J4-inch  plate-washer  on  the  lower 
end.    The  bolts  are  to  be  spaced  (6  feet)  apart.    A  2  by  12-inch  plank  is  to  be 
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boted  on  top  of  the  gable-walls  with  ^-inch  bolts  and  6-inch  washers,  set  8 
feet  apart  on  the  rake.  The  top  of  the  plank  is  to  be  on  a  line  with  the  top  of 
the  rafters. 

The  rafters  are  to  be  framed  on  the  plate  and  purlins  as  shown  on  the 
section-drawings,  and  secured  by  fortypenny  spikes.  The  ends  of  rafters 
where  they  lap  are  to  be  spiked  together.  The  outer  ends  of  rafters  are  to 
project  (20  inches)  beyond  the  plate  and  are  to  be  cut  for  the  cornice  as 
shown. 

586.  Belfry-Framing.  The  belfry  is  to  be  framed  as  per  framing-plans 
and  as  herein  indicated.  A  plate,  formed  of  two  2  by  12-inch  long-leaf  yellow 
pine  (Douglas  fir)  planks,  is  to  be  bolted  to  the  walls,  lapped  at  the  angles  and 
secured  to  the  brickwork  at  each  angle  with  ^-inch  bolts,  5  feet  long,  and  at 
the  center  of  each  side  with  ^-inch  bolts,  30  inches  long.  The  bolts  are  to 
have  6  by  6  by  J4-inch  washers  on  lower  ends. 

The  belfry-posts  are  to  be  turned  from  10  by  lo-inch  cypress  (cedar, 
redwood)  stock,  (16  feet  long).  They  are  to  rest  on  the  wall-plates  and  are 
to  be  secured  to  them  by  2^$  by  ^-inch  angle-straps,  bolted  to  the  plates  and 
to  each  side  of  the  posts  with  ^-inch  bolts.  The  bolts  through  the  posts  are 
to  be  12  inches  above  the  plates. 

Between  the  posts,  at  the  height  shown,  are  to  be  cut  4  by  lo-inch  timbers, 
secured  to  the  posts  with  fortypenny  spikes  and  one  ]/^  by  6-inch  lag-screw 
in  each  end  of  each  stick.  Braces  are  to  be  put  from  posts  to  plates  and  the 
spaces  between  the  plates  and  the  4  byio-inch  timbers  are  to  be  filled  in  with  2 
by  6-inch  studs  set  (10  inches)  on  centers. 

A  4  by  lo-inch  plate,  halved  at  the  angles  is  to  be  bolted  to  the  top  of 
posts  with  ^-inch  joint-bolts,  16  inches  long,  one  bolt  in  each  post.  The  space 
between  this  plate  and  the  roof-plate  is  to  be  filled  in  with  6  by  6-inch 
corner-posts,  2  by  6-inch  studding  and  2  by  6-inch  braces,  as  shown.  The 
roof-plate  is  to  be  tied  to  the  posts  and  the  posts  to  the  lower  plate  with  lyi 
by  54"J"ch  iron  straps,  12  inches  long,  with  two  sixtypenny  spikes  in  each  end. 

The  roof  of  belfry  is  to  be  framed  as  shown  on  the  framing-plans  and  sec- 
tions, and  the  hips  are  to  be  cut  against  an  8-inch  pole  at  the  center.  The 
pole  is  to  be  octagonal  in  cross-section  and  is  to  be  carried  down  and  spiked 
to  the  ceiling-joists.  A  level  ceiling  is  to  be  formed  with  2  by  6-inch  joists, 
spaced  20  inches  on  centers,  and  spiked  to  the  plates  and  rafters. 

Lookouts.  Plank  lookouts  are  to  be  furnished  the  mason  who  is  to  build 
them  into  the  gable-walls  22  inches  on  centers,  and  set  them  true  in  line  for 
the  cornice  and  belt. 

587.  Underfloors.    An  underfloor  is  to  be  laid  throughout  the  first, 
second    and   third   stories,   of    (3-inch)    spruce    (native  pine,   Douglas   fir) 
planks,  not  over  9  inches  wide,  dressed  on  one  side  to  a  uniform  thickness 
of  not  less  than  2^  inches  and  grooved  on  both  edges  for  long-leaf  yellow 
pine  ^  by  13^-inch  splines.    The  planks  are  to  be  laid  diagonally  on  the  joists, 
blind-nailed  over  every  bearing  with  tenpenny  nails  b^io^e  ^^  ^^?Axvt^  2lt^ 
driven  in,  and  all  end-joints    are  to  be  cut  over  the  c^tw^r  o^  "^^  \o\s\a  ox 
close  against  the  walls  or  flush  with  the  joists  at  the  o^^w 

588.  Partitions.    The  partitions  are  to  be  \^^\\t  oi  ^J^^'     ,c^^  ^"T^^ 
with   expanded-metal  on  both   sides,  put  up  ±^^     ^  "^^^'^    /><^^^^ 


^^^\. 


v\\ 


790  BUILDING'CONSTRUCTION.        (Ch.  VIII) 

carpenter  is  to  cut  2  by  3-inch  sole-pieces  between  the  studs  and  spike  them 
to  the  underfloor,  set  up  a  2  by  2-inch  rough  frame  around  the  door  and  win- 
dow-openings and  secure  it  to  the  steel  studding  with  screws.  He  is  to 
furnish,  also,  2  by  2-inch  wood  furring  blocks,  as  many  as  may  be  necessary  to 
secure  the  finish;  these  blocks  are  to  be  attached  to  the  partitions  by  the 
contractor  therefor. 

[Windows,  wood  lintels,  etc.,  as  for  any  brick  building.] 

9.    STORE-FRONTS. 

589.  General  Conditions.'*'  First  Method.  The  store-front  is  to  be  con- 
structed as  shown  on  the  scale  and  detail  drawings.  All  exposed  woodwork 
is  to  be  of  clear,  white  pine  (quartered  white  oak,  cypress,  redwood  or  white- 
wood). 

The  sashes  are  to  be  2%  inches  thick,  molded,  rebated  for  the  glass  and 
properly  secured.  The  sill  is  to  be  2^  inches  thick  with  outer  edge  molded  as 
per  full-size  section,  and  bored  for  ventilation.  The  transom-bar  is  to  be 
molded  out  of  (3  by  4-inch)  stock  and  finished  with  one  row  of  dentils.  The 
door-posts  are  to  be  worked  out  of  solid  timber  f  (S  by  $  inches)  rebated  for 
the  door  and  transom  and  headed  on  the 'outer  edges.  The  transom-sash  is 
to  be  hung  at  the  top  and  fitted  with  transom-lifters  as  specified  elsewhere. 

The  doors  are  to  be  {2%  inches)  thick  (veneered  with  quarter-sawed 
oak  on  a  staved-up  white  pine  core),  made  in  the  best  manner,  of  kiln-dried 
stock,  divided  into  panels  as  shown,  with  raised  panels  at  the  bottom  and 
raised  (flush)  panel-molds  around  both  wood  and  glass  panels. 

The  molded  panels  are  to  be  formed  below  the  sill  and  finished  with  a 
ij^-inch  molded  base,  scribed  at  the  bottom,  or  a  2j4-inch  rebated  plank  frame 
is  to  be  made  for  the  basement-sashes  below  the  main  sill,  with  (i^-inch) 
rebated  sills  (grooved  for  the  back  of  the  iron  sidewalk),  and  with  a  ^  by 
%-inch  molding  broken  around  the  frame).  The  basement  sashes  are  to  be 
(i^  inches)  thick,  divided  into  lights  as  shown,  hung  at  the  top  with  3-inch 
heavy,  narrow,  japanned  butts,  and  provided  with  2^^-inch  brass  cupboard- 
catch  at  the  bottom,  and  with  galvanized  hook-and-eye  to  keep  them  open. 
The  openings  are  to  be  covered  with  wire  guards  made  of  No.  11  wire,  1%- 
inch  mesh,  with  f^-inch  round-iron  frame,  all  painted  with  black  varnish. 

A  false  beam  is  to  be  formed  above  the  sash  around  entrance,  and  the 
ceiling  of  entrance  is  to  be  formed  with  (^  by  2j^-inch)  beaded  ceiling 
with  J^  by  2j/2-inch  bed-molds. 

The  platforms  inside  are  to  be  formed  of  1^  by  2V2-inch  (^  by  4-inch) 
tongued-and-grooved,  quartered,  white  oak  (maple,  long-leaf  yellow  pine) 
flooring,  blind-nailed  to  (2  by  4-inch)  joists,  set  16  inches  on  centers,  and 
carefully  smoothed  and  scraped.  A  molded  nosing  is  to  be  formed  on  the 
inside  with  %  by  35^-inch  molded  apron  under,  and  matched  and  beaded 
ceiling  is  to  be  put  on  (or  molded  panels  formed)  from  the  apron  to  the  floor. 

*  The  type  of  store-front  construction  here  specified  is  now  little  used  except  in  the 
cheaper  forms  of  construction.  For  a  description  of  the  modern  types  of  store-front  con- 
struction, see  Art.  153,  Chap.  Ill,  and  the  catalogues  of  the  various  manufacturers. 

t  If  the  store-front  is  finished  in  hardwood,  the  posts  should  be  of  white  pine,  veneered 
with  }^inch  stuff. 


SPECIFIC  A  TIONS.  791 

Glass.  The  small  sashes  to  light  the  basement  are  to  be  glazed  with  first- 
quality  (AA)  double- thick  glass,  set  in  putty.  All  other  glass  in  the  store- 
front, including  the  door-lights,  is  to  be  of  polished  plate  glass,  secured  in 
place  with  stop-beads  (screwed  on  with  nickel-plated  screws). 

590.  General  Conditioiis.'^  Second  Method.  The  frame  for  the  store- 
front is  to  be  constructed  as  shown  on  the  scale  and  detail  drawings.    The 

angle-posts,  transoms  and  division  bars  are  to  be  worked  out  of  solid,  clear, 
straight-grained,  well-seasoned  white  pine  or  redwood,  molded  as  per  details 
and  rebated  for  the  glass.  The  sill  is  to  be  molded  out  of  3  by  8-inch  (red- 
wood, cypress)  and  strongly  supported.  The  door-posts  are  to  be  worked 
out  of  4  by  4-inch  whitewood  (cypress),  rebated  for  the  door  and  transom 
and  beaded  on  the  outer  edges. 

The  outsides  of  angle  and  division-bars  are  to  be  covered  with  oxidized- 
copper  sash-bars  (copper  sash-bars,  nickel-plated)  of  the  size  and  shape 
indicated  on  the  drawings  and  formed  over  white  pine  (redwood,  cypress) 
cores.  The  vertical  bars  are  to  be  cut  in  between  the  sill  and  transom  and 
between  the  transom  and  soffit  of  window.  A  iJ/^-inch  plank  is  to  be  put  up 
at  the  top  and  sides,  secured  to  the  ironwork  by  machine-screws,  and  veneered 
with  J^-inch  (whitewood).  A  i  by  ^-inch  oxidized-copper  sash-bar,  made 
to  cope  with  the  vertical  bars  and  to  fit  against  the  iron  soffit  and  columns 
is  to  be  used  for  covering  on  outside. 

All  metal  sash-bars  are  to  be  put  on  with  (2;4-inch)  round-headed  screws, 
set  about  16  inches  apart,  and  finished  to  match  the  sash-bars. 

[The  other  parts  of  the  window,  the  doors,  glass,  etc.,  are  to  be 
same  as  specified  above.] 

ID.    PAINTERS'  WORK.t 

591.  Subject  of  the  Specification*  The  following  specifications 
are  for  the  painting,  enameling,  staining  and  finishing  of  woods 
generally  in  an  ordinary  and  also  in  a  first-class  manner,  and  also 
for  the  painting  of  brick,  plaster,  cement,  concrete,  iron,  etc.  Spe- 
cial attention  is  called  to  the  numbered  notes  following  the  specifica- 
tions for  detailed  information. 

59a.  Painting  New  Exterior  Woodwork.  Ordinary  Work,  All  knots, 
rosin  and  sap-portions  are  to  be  properly  shellaced.  One  coat  of  white  prim- 
ing is  to  be  brushed  well  into  the  wood,  after  which  all  nail-holes,  open 
joints  and  other  imperfections  are  to  be  closed  solid  with  putty  containing 
20  per  cent,  of  white  lead;  two  coats  of  paint  of  the  color  desired  are  then 
to  be  applied.  Each  coat  is  to  be  thoroughly  dry  before  another  is  applied. 
The  backs  of  all  window  and  door-frames  are  to  be  painted  one  coat  be- 

*  If  the  store-front  is  to  be  constructed  as  in  Fig.  2x4  details  D,  £  and  F,  it  should 
be  specified  as  In  this  article. 

t  These  specifications  and  notes  on  "Painters*  Work"  have  been  adapted  from  "Archi- 
tectural Specifications  for  the  Painting,  Enameling,  Staining  and  Finishing  of  Woods 
and  for  the  Painting  of  Brick,  Plaster,  Cement,  Concrete,  Iron,  etc.,"  by  John  Dewar, 
Pittsburg,  Pa.,  by  permission  of  the  author. 

They  are  suggestions  for  additions  and  interpolations  for  architects'  specifications  for 
painting,  oiling,  varnishing,  etc.,  and  contain  much  valuable  information. 
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fore  setting.  Sash-runners  of  window-frames  are  to  receive  two  coats  of 
oil,  stained  if  required,  and  the  last  coat  is  to  be  applied  at  completion.  No 
paint  is  to  be  applied  during  wet  or  foggy  weather.  [See  Note  i,  Art  6i8w] 
First-Class  Work,  Woodwork  is  to  be  painted  as  above  specified,  adding 
one  additional  coat.     [See  Note  i,  Art  6i8.] 

593.  Repainting  Elxterior  Woodwork.  The  removal  of  such  old  paint 
from  exterior  woodwork  as  may  be  necessary  is  to  be  done  by  scraping, 
burning  or  paint- remover,  as  conditions  may  require.  All  that  portion  from 
which  the  old  paint  has  been  removed  is  to  be  sandpapered  and  touched  up 
with  one  or  two  coats  of  paint  according  to  the  necessities  of  the  case.  All 
woodwork  is  to  be  painted  with  two  coats;  colors  to  be  selected.  All  neces- 
sary sandpapering  and  puttying  is  to  be  done.     [See  Note  2,  Art.  619.] 

594.  Staining  Exterior  Woodwork.  Ordinary  Work.  All  exterior 
woodwork  (or  a  part  of  it,  as  the  case  may  be)  is  to  receive  one  coat  of 
linseed-oil  stain,  brushed  thoroughly  and  uniformly  into  the  wood.  The 
color  is  to  be  as  required.  The  pigments  are  to  be  selected  for  their 
permanency  of  color.  The  vehicle  is  to  consist  of  40  per  cent  of  i6o-degrec 
benzole  and  60  per  cent  of  raw  linseed-oil.  All  nail-holes  and  other  imper- 
fections are  to  be  closed  with  lead-putty,  colored  to  match  the  stain,  and 
then  one  good  coat  of  raw  linseed-oil  containing  10  per  cent  of  turpentine 
is  to  be  applied.    [See  Note  3,  Art.  620.] 

First-Class  Work.  One  additional  coat  of  oil  containing  10  per  cent  of 
turpentine  is  to  be  specified.     [See  Note  3,  Art.  620.] 

595.  Staining  Shingles.  Shingles  are  to  be  dipped  to  two-thirds  of 
their  length  into  the  stain  specified  above;  color  to  be  as  determined.  After 
the  shingles  are  in  position  they  are  to  be  touched  up,  and  one  coat  of  linseed- 
oil  containing  10  per  cent  of  turpentine  is  to  be  applied.  [See  Note  3, 
Art.  620.] 

596.  Restaining  Exterior  Woodwork.  All  of  (or  such  portions  of) 
the  exterior  woodwork  that  requires  treatment  is  to  be  properly  prepared, 
and  restained  a  color  that  conforms  closely  to  the  original  stain.  All  stained 
woodwork  is  to  be  coated  with  two  coats  of  linseed-oil  containing  10  per  cent 
of  turpentine.  Before  the  second  coat  is  applied  all  imperfections  are  to 
be  closed  up  with  putty  colored  to  match  the  stain.    [See  Note  4,  Art.  621.] 

597.  Painting  New  Exterior  Brickwork.  All  new  exterior  brickwork 
is  to  be  painted  two  good  coats  of  Venetian  red  containing  about  20  per  cent 
of  white  lead.  The  vehicle  is  to  consist  of  80  per  cent  of  linseed-oil  and 
20  per  cent  of  turpentine.  After  these  coats  have  been  applied,  one  coat 
of  flat,  brick-colored  paint  of  the  desired  shade  is  to  be  applied.  Care  must 
be  exercised  to  cover  thoroughly  and  to  "cut  in"  neatly  each  "stretch"  of 
work  so  as  to  produce  a  uniform,  flat  surface.  This  coat  must  not  be 
worked  too  thin.     [See  Note  5,  Art  622.] 

598.  Repainting  Old  Exterior  Brickwork.  All  open  joints  and  other 
imperfections  are  to  be  closed  up.  All  such  places,  including  any  portion 
from  which  the  paint  has  been  badly  worn,  are  to  be  touched  up.  All  ex- 
terior brickwork  is  to  be  painted  one  coat  of  Venetian  red  containing  about 
20  per  cent  of  white  lead.  The  vehicle  is  to  consist  of  80  per  cent  of 
linseed-oil  and  20  per  cent  of  pure  turpentine.    After  this,  one  coat  of  flat, 
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brick-colored  paint  of  the  desired  shade  is  to  be  applied.  Care  must  be 
exercised  to  cover  thoroughly  and  to  "cut  in"  neatly  each  "stretch"  of  work 
so  as  to  produce  a  uniform,  flat  surface.  This  coat  must  not  be  worked 
too  thin.    [See  Notes  5  and  6,  Arts.  622  and  623.] 

599*  Painting  New  Exterior  Plaster,  Cement  and  Concrete.  All 
cracks  and  other  surface-imperfections  are  to  be  prepared  and  closed  up  with 
plaster  or  cement.  A  thorough  coat  of  "basic  coater"  is  to  be  i  applied  to 
all  surfaces,  allowing  twenty-four  hours  for  drying.  After  this,  three  coats 
of  paint  of  the  desired  color  are  to  be  applied.  Each  coat  is  to  be  thoroughly 
dry  before  the  application  of  another.  The  plaster  or  cement  is  to  be 
thoroughly  dry  before  it  is  painted.    [See  Note  7,  Art  624.] 

600.  Repainting  Old  Exterior  Plaster,  Cement  and  Concrete.  Old 
paint  is  to  be  scraped  off  when  necessary.  All  cracks  and  other  surface- 
imperfections  are  to  be  closed  up  with  plaster  or  cement  A  good  coat  of 
"basic  coater"  is  to  be  applied  over  all  new  cement  or  plaster,  allowing 
twenty-four  hours  for  drying.  After  this,  two  coats  of  paint  of  the  color 
desired  are  to  be  applied.  Each  coat  is  to  be  thoroughly  dry  before  another 
is  applied.  The  plaster  or  cement  is  to  be  thoroughly  dry  before  it  is 
painted.     [See  Note  7,  Art.  624.] 

601.  Painting  New  Exterior  Iron  and  Steel.  Ordinary  Work.  All 
ironwork  is  to  be  gone  over  carefully  before  it  is  painted  and  any  dirt  or 
corroded  material  is  to  be  removed  with  steel  brushes.  All  ironwork  is 
to  be  painted  with  one  coat  of  pure  red-lead  paint,  the  vehicle  of  which  is 
to  consist  of  80  per  cent  of  raw  linseed-oil  and  20  per  cent  of  turpentine. 
After  this,  two  coats  of  paint  are  to  be  applied,  consisting  of  pure  lampblack 
with  the  addition  of  a  small  quantity  of  Prussian  blue  and  a  mixture  of 
about  90  per  cent  of  linseed-oil  and  10  per  cent  of  turpentine.  Each  coat 
is  to  be  thoroughly  dry  before  another  is  applied.    [See  Note  9,  Art.  626.] 

First-Class  Work.  All  ironwork  or  steelwork  is  to  be  gone  over  carefully 
before  it  is  painted  and  any  dirt  or  corroded  material  is  to  be  removed  with 
steel  brushes.  All  ironwork  is  to  be  painted  with  one  coat  of  "Kardite 
Chromatized  Red  Lead,"  mixed  "on  the  job,"  with  the  proportions  of  25 
pounds  of  this  material  to  one  gallon  of  pure  linseed-oil;  or  it  is  to  be 
painted  with  "Kardite  Red  Rust-Inhibitive  Paint,"  and  followed  by  two 
coats  of  purg  lampblack,  mixed  with  "Flexible  Compound,"  or  pure  linseed- 
oil,  and  with  any  pigment  necessary  to  produce  any  desired  color.  In  using 
"Flexible  Compound"  as  a  vehicle  no  turpentine  nor  dryer  is  to  be  used. 
Each  coat  is  to  be  thoroughly  dry  before  another  is  applied.  [See  Note  8, 
Art  625.] 

602.  Repainting  Exterior  Iron  Fences,  etc.  All  loose  paint  and  cor- 
roded material  is  to  be  removed  by  scraping  and  steel  brushes.  All  that 
portion  from  which  the  paint  has  been  removed  is  to  be  touched  up  with 
pure  red  lead.  All  surfaces  are  to  be  painted  two  coats  of  pure  lampblack, 
to  which  has  been  added  a  small  quantity  of  Prussian  blue  and  "Flexible 
Compound."  Each  coat  is  to  be  thoroughly  dry  before  another  is  applied. 
No  turpentine  or  dryer  is  to  be  used  in  this  compound.  [See  Notes  8  and  9, 
Arts.  625  and  626.] 

603.  Painting   Exterior   Galvanized  Iron*    All   galvanized-iron  work 
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is  to  receive  one  thorough  coat  of  a  solution  made  by  dissolving  6  ounces 
of  copper-acetate  in  one  gallon  of  warm  water.  This  preparation  is  to  be 
thoroughly  brushed  on.  When  dry,  one  coat  of  pure  red  lead  mixed  with 
so  per  cent  of  linseed-oil  and  50  per  cent  of  turpentine  is  to  be  applied.  This 
is  to  be  followed  by  two  coats  of  paint  of  the  desired  color.  [See  Note  10, 
Art.  627,] 

6o4«  Painting  Copper.  All  copper  surfaces  are  to  be  thoroughly 
sponged  off  with  160-degree  benzole,  after  which  one  coat  of  pure  red  lead 
mixed  with  50  per  cent  of  linseed-oil  and  50  per  cent  of  turpentine  is  to  be 
applied  and  well  rubbed  out  Two  coats  of  paint  of  the  desired  color  is  then 
to  be  applied.    [See  Note  11,  Art.  628.] 

605.  Painting  Tin.  AH  rosin  and  all  imperfections  are  to  be  removed. 
As- soon  as  practicable  all  tinwork  is  to  be  painted  one  coat  of  pure  red  lead 
mixed  with  60  per  cent  of  raw  linseed-oil  and  40  per  cent  of  turpentine. 
After  this  one  coat  of  Venetian  red  or  metallic  brown;  mixed  in  pure  boiled 
oil,  is  to  be  applied.     [See  Note  12,  Art  629.] 

606.  Plain  Painting  for  New  Interior  Woodwork.  All  knots  and  sap- 
wood  are  to  be  shellaced.  All  woodwork  (location  to  be  mentioned  here) 
is  to  be  painted  three  good  coats  of  the  desired  color.  After  the  first  or 
priming-coat  is  put  on,  all  nail-holes  and  other  imperfections  are  to  be  closed 
up  with  lead  putty.  All  necessary  sandpapering  between  the  coats  is  to  be 
done.    [See  Note  13,  Art.  630.] 

607.  Painting  and  Graining  New  Interior  Woodwork.  All  knots  and 
sap-wood  are  to  be  shellaced.  All  woodwork  (location  to  be  mentioned)  is 
to  be  painted  two  coats,  and  no  oil  is  to  be  used  in  this  paint  other  than 
that  in  which  the  lead  is  ground.  In  mixing,  a  small  quantity  of  a  good 
mixing-varnish  is  to  be  used,  and  it  is  to  be  thinned  with  turpentine  so 
that  the  paint  will  dry  with  a  flat,  "egg-sheir'  gloss.  Each  coat  is  to  be 
sandpapered  perfectly  smooth. 

The  graining  is  to  be  done  in  the  best  manner  in  imitation  of  the  hardwood 
selected,  and  the  graining-color  is  to  be  used  as  **flat"  as  possible,  consistent 
with  its  "working  out"  All  grained  work  is  to  be  varnished  with  one  coat 
of  a  good-wearing  body-varnish.     [See  Note  14,  Art.  631.] 

608.  Natural  Finish  for  New  Interior  Softwoods.  All  woodwork  is 
to  be  thoroughly  gone  over,  cleaned  up  and  sandpapered  where  necessary, 
after  which  one  coat  of  white  shellac  and  two  coats  of  a  good-wearing 
body-varnish  are  to  be  applied.  The  last  coat  is  to  be  evenly  "flowed  on." 
After  shellacing,  all  nail-holes  and  imperfections  are  to  be  closed  up  with 
putty  colored  to  match  the  wood.  Care  is  to  be  taken  to  rub  off  any  sur- 
plus putty.  All  work  is  to  be  thoroughly  sandpapered  between  the  applications 
of  the  coats.    [See  Note  15,  Art  632.] 

609.  Staining  and  Varnishing  New  Interior  Softwoods.  All  wood- 
work is  to  receive  one  light  coat  composed  of  25  per  cent  of  linseed-oil  and 
75  per  cent  of  turpentine  and  is  to  be  sandpapered  and  stained  in  best 
manner  with  an  oil-stain  containing  about  50  per  cent  of  turpentine  colored 
as  desired.  All  nail-holes  and  imperfections  are  to  be  closed  up  with  lead- 
putty  colored  to  match  the  stain.  Care  is  to  be  taken  to  wipe  off  any  sur- 
plus putty-marks.    All  stained  work  is  to  be  varnished  with  two  good  coats 
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of  a  strong-wearing  body-varnish.  The  last  coat  is  to  be  evenly  "flowed 
on."  All  work  is  to  be  thoroughly  sandpapered  between  the  applications  of 
the  coats  and  each  coat  is  to  be  thoroughly  dry  before  another  is  put  on. 
[Sec  Note  16,  Art.  633.] 

610.  Painting  and  Enameling  New  Interior  Woodwork.  Ordinary 
Work,  All  woodwork  (location  to  be  mentioned)  is  to  be  gone  over  care- 
fully. All  knots  and  sap-portions  are  to  be  shellaced:  The  priming  is  to  be 
done  with  one  thin  coat  of  white  paint,  well  brushed  into  the  wood,  after 
which  the  work  is  to  be  thoroughly  sandpapered.  All  nail-holes  and  imper- 
fections are  to  be  closed  up  with  lead-putty.  One  light  coat  of  pure  grain- 
alcohol  white  shellac  is  to  be  applied.  This  coat  is  to  be  sandpapered  lightly. 
Three  coats  of  white  paint,  consisting  of  about  60  per  cent  of  white  lead 
and  40  per  cent  of  zinc-oxide,  and  one  coat  of  straight,  pure  zinc-oxide  arc 
then  to  be  applied,  followed  by  one  coat  of  the  best  enamel,  freely  and  evenly 
put  on.  All  coats  are  to  be  colored  as  required.  Each  coat  is  to  be  thor- 
oughly dry  and  well  sandpapered  before  another  is  applied.  [See  Note  17, 
Art.  634.] 

First-Class  Work.  One  additional  coat  is  to  be  added  to  the  above  speci- 
fication (making  four  coats)  after  the  shellac,  and  these  are  to  be  followed 
by  the  straight  zinc  and  with  two  coats  of  best  enamel.  The  last  coat  of 
enamel  is  to  be  evenly  rubbed  with  water  and  powdered  pumice-stone  to  a 
satin  or  china-gloss  finish.     [See  Notes  17  and  18,  Art.  635.] 

61  z.  Painting  New  Plaster  or  Cement  with  Distemper-Colors  or  Cal- 
cimine. All  cracks  and  other  imperfections  are  to  be  closed  up  with 
plaster  or  cement.  After  this,  one  full  coat  of  "basic  coater"  is  to  be  applied 
and  well  brushed  in,  and  twenty-four  hours  allowed  for  drying.  One 
medium  or  light  coat  of  paint  is  then  to  be  applied  as  a  size,  consisting  of  at 
least  50  per  cent  of  linseed-oil.  This  is  to  be  followed,  when  dry,  by  one 
"full,**  free-and-even  coat  of  calcimine  or  prepared  distemper-paint.  If  one 
coat  of  distemper-paint  does  not  produce  a  "solid"  surface,  one  additional 
coat  is  to  be  given.  All  surrounding  woodwork,  etc.,  is  to  be  thoroughly  pro- 
tected.   [See  Note  19,  Art.  636.] 

61a.  Painting  and  Varnishing  New  Interior  Plaster  and .  Cement 
Surfaces.  Ordinary  Work.  All  cracks  and  other  imperfections  are  to 
be  closed  up  with  plaster  or  cement  One  full  coat  of  "basic  coater"  is  to  be 
applied  to  all  plaster  or  cement  surfaces  and  well  brushed  in,  and  twenty- 
four  hours  allowed  for  drying.  After  this,  three  coats  of  paint  of  the  desired 
color,  are  to  be  applied.  Then  one  "full"  coat  of  a  good-wearing  varnish  is 
to  be  applied.  Each  coat  is  to  be  perfectly  dry  before  another  is  put  on. 
[See  Note  20,  Art.  637.] 

First-Class  Work.  All  surfaces  are  to  be  sandpapered  and  all  cracks  or 
other  imperfections  are  to  be  closed  up  with  plaster  or  cement.  One  "full" 
coat  of  "basic  coater"  is  to  be  applied  and  well  brushed  in,  and  twenty-four 
hours  allowed  for  drying.  After  this,  all  surfaces  are  to  be  painted  with 
four  coats,  colored  as"  desired.  The  paint  is  to  be  composed  of  60  per  cent 
of  white  lead  and  40  per  cent  of  pure  zinc-oxide.  The  first  of  these  four 
coats  is  to  contain  about  50  per  cent  of  oil,  10  per  cent  of  a  good-mixing 
varnish  and  40  per  cent  of  turpentine;  and  the  three  subsequent  coats  are  to 
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contain  about  30  per  cent  of  oil^  20  per  cent  of  varnish  and  50  per  cent  of 
turpentine.  The  last  coat  is  to  be  lightly  and  evenly  stippled.  Each  coat  is 
to  be  thoroughly  dry  before  another  is  applied.  [Sec  Notes  7  and  21,  Arts. 
624  and  6j8.] 

613.  Varnishing  and  Finishing  Hardwoods.  Ordinary  Work.  All  sur- 
face-defects are  to  be  sandpapered  and  removed,  stain  applied  if  desired, 
and  the  filling  done  with  the  best  paste  filler  of  the  required  color.  The  sur- 
face and  moldings  are  to  be  thoroughly  cleaned.  One  coat  of  shellac  and 
two  coats  of  a  good  varnish  suitable  for  this  purpose  are  then  to  be  applied. 
After  the  shellac-coat,  alt  nail-holes  and  imperfections  are  to  be  closed  up 
with  lead-putty,  colored  as  required,  and  all  surplus  putty  is  to  be  carefully 
wiped  off.  The  work  is  to  be  sandpapered  between  the  application  of  the 
coats.  Care  is  to  be  taken  during  the  varnishing  to  keep  the  premises  as 
free  from  dust  as  possible.    [See  Note  22,  Art.  639.] 

First-Class  Work,  All  surface-defects  are  to  be  sandpapered  and  removed. 
Stain  is  to  be  applied  if  required.  The  filling  is  to  be  done  with  the  best 
paste-filler,  colored  if  necessary.  All  surfaces  and  moldings  are  to  be 
thoroughly  cleaned.  One  coat  of  pure  grain-alcohol  shellac  and  four  coats 
of  a  first-class  varnish  designed  for  this  class  of  work  are  then  applied.  All 
varnished  surfaces  are  to  be  rubbed  with  oil  and  pumice-stone  until  they  are 
true  and  even  and  have  a  dull  satin-finish.  All  oil  and  pumice-stone 
are  to  be  thoroughly  cleaned  from  the  surfaces.  Each  coat  is  to  be  thor- 
oughly dry  and  sandpapered  before  another  is  applied.  Care  is  to  be  taken 
during  the  varnishing  to  keep  the  premises  as  free  from  dust  as  possible* 
[See  Note  23,  Art.  640.] 

614.  Staining  and  Waxing  Hardwoods.  Ordinary  Work.  All  work 
is  to  be  stained  with  an  approved  stain,  colored  as  desired.  All  necessary 
sandpapering  is  to  be  done,  after  which  one  coat  of  paste-filler,  colored  to 
match  the  stain,  is  to  be  applied.  All  surfaces  are  to  be  thoroughly  cleaned 
and  one  medium  coat  of  shellac  is  to  be  applied.  All  work  is  then  to  be 
sandpapered  lightly  and  one  good  coat  of  an  approved  finishing- wax  is  to  be 
applied.  This  is  to  be  permitted  to  stand  until  it  has  become  partly  hardened 
and  is  then  to  be  thoroughly  rubbed  and  polished  until  it  becomes  a  hard 
surface.    [See  Note  24,  Art.  641.] 

First-Class  Work.  All  surfaces  (location  to  be  mentioned)  are  to  be 
coated  with  one  light  coat  of  clean  water  (this  for  oak  only).  When  thor- 
oughly dry,  the  work  is  to  be  sandpapered  to  a  perfectly  smooth  finish,  after 
which  it  is  to  be  stained  uniformly  and  in  the  best  manner  with  an  approved 
water-stain  of  the  desired  color.  It  is  then  to  be  sandpapered  lightly  and 
filled  with  a  paste-filler,  colored  to  match  the  stain.  One  coat  of  pure  grain- 
alcohol  shellac  is  to  be  applied  and  sandpapered  lightly,  after  which  two 
coats  of  an  approved  finishing-wax  are  to  be  applied,  three  days  being  allowed 
between  coats.  Each  coat  is  to  become  partly  hardened  and  then  thoroughly 
rubbed  and  polished  until  it  is  a  hard  surface.     [See  Note  25,  Art.  642.] 

615.  Finishing  Pine  Floors.  The  floors  are  to  be  thoroughly  cleaned 
and  all  surface-imperfections  removed.  One  coat  of  shellac  and  two  coats 
of  a  good  varnish  designed  for  this  purpose  are  then  to  be  applied.  Each 
coat  is  to  be  thoroughly  dry  before  another  is  put  on.    All  necessary  care 
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is  to  be  taken  to  protect  this  work  from  damage.    [See  Note  26,  Art.  643.] 

616.  Varnish-Finish  for  Hardwood  Floors*  The  floors  are  to  be 
thoroughly  cleaned  and  all  surface-imperfections  removed.  All  woodwork  is 
to  be  filled  with  a  good  paste  filler  which  is  to  be  cleaned  thoroughly  from 
the  surface.  Stain  is  to  be  applied  if  required.  One  coat  of  shellac  and 
two  coats  of  best  varnish  designed  for  floor-use  are  then  to  be  applied.  Each 
coat  is  to  be  thoroughly  dry  before  another  is  put  on.  Care  is  to  be  taken 
to  protect  the  floors  from  damage.    [See  Note  27,  Art.  644.] 

617.  Wax-Finish  for  Hardwood  Floors,  The  floors  are  to  be  thor- 
oughly cleaned  and  all  surface-imperfections  removed.  The  wood-surface  is 
to  be  filled  with  one  coat  of  the  best  paste-filler  which  is  to  be  thoroughly 
cleansed  from  the  surface  when  partly  dry.  Stain  is  to  be  applied  if  required. 
One  thin,  even  coat  of  pure  grain-alcohol  shellac  is  to  be  applied.  The  work 
is  then  to  be  sandpapered  lightly  without  showing  "laps,"  after  which  two 
coats  of  the  best  "Prepared  Floor-wax"  is  to  be  applied,  allowing  two  or 
three  days  between  the  coats.  Each  coat  is  to  be  thoroughly  rubbed  until  it 
makes  a  hard,  dry  surface.  Care  is  to  be  taken  to  protect  the  floors  from 
damage.    [See  Note  28,  Art.  645.] 


II.    NOTES  ON  PAINTING  SPECIFICATIONS.* 

618.  Note  I.  Painting  New  Exterior  Woodzvork.  All  authorities  seem 
to  agree  that  pure,  raw  linseed-oil  and  pure  spirits  of  turpentine  are  the 
best  vehicles  for  paints  used  for  outside  work.  The  vehicle  of  the  first  or 
priming-coat  on  new  wood,  and  also  of  the  second  coat,  should  consist 
of  80  per  cent  of  pure,  raw  linseed-oil  and  20  per  cent  of  pure  spirits  of 
turpentine,  while  the  final  coat  should  consist  of  90  per  cent  of  pure,  raw 
linseed-oil  and  10  per  cent  of  pure  spirits  of  turpentine.  All  the  coats  should 
contain  the  necessary  "driers."  When  four  coats  are  used,  the  first,  second 
and  third  should  be  composed  of  80  per  cent  of  oil  and  20  per  cent  tur- 
pentine, and  the  fourth  of  90  per  cent  of  oil  and  10  per  cent  of  turpentine. 

There  exists  some  diversity  of  opinion  as  to  the  best  paint-pigment  or 
paint-pigments  in  combination.  It  is  very  necessary  that  the  composition  of 
a  paint-film  be  as  near  perfect  as  possible.  The  necessity  for  this  is  apparent 
from  this  fact :  "the  average  paint-coating  is  only  three  one-thousanths  of  an 
inch  thick,  and  yet  this  thin  coating  is  required  to  withstand  the  expansion 
and  contraction  of  the  underlying  surface,  the  abrasion  or  wear  from  storms 
of  dust  and  sand,  or  from  rain,  sleet,  hail,  the  absorbing,  drawing  and  ex- 
panding influences  of  the  summer's  sun  and  the  contraction  from  the  cold 
of  winter.  It  must  be  hard  enough  to  withstand  to  a  reasonable  extent  this 
surf  ace- wear,  and  at  the  same  time  be  elastic  enough  to  meet  internal  stresses 
and  to  conform  to  changes  in  the  underlying  surface;  it  must  also  penetrate 
and  cling  to  the  surface  to  which  it  is  applied.  It  must  also  prevent  or 
retard  moisture  and  atmospheric  gases,  which  cause  decay,  from  gaining  ac- 
cess to  the  underlying  surface.**    It  must,  also,  if  it  has  the  qualities  essential 

*  See  Arts.  59a  to  617,  inclusive,  for  applications  of  the  data  contained  in  these  notes 
comprising  Arts.  618  to  645. 
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to  a  good  paint,  present  in  the  course  of  time,  when  repainting  becomes 
necessary,  a  suitable  foundation  for  new  paint-coatings. 

It  is  a  generally  accepted  fact  that  a  white  or  tinted  base-paint  containing 
about  75  per  cent  of  white  lead  and  25  per  cent  of  zinc-oxide,  is  a  high- 
standard  paint.  When  used  near  or  at  the  seashore,  or  in  the  Southern 
States,  it  can  be  improved  by  changing  it  so  that  it  will  contain  60  per 
cent  of  white  lead  and  40  per  cent  of  zinc-oxide.  The  reason  that  these 
two  best  paint-pigments  are  combined  is  that  the  one  has  a  tendency  to 
strengthen  the  weak  points  of  the  other,  and  to  make  an  ideal  paint-coating. 
The  zinc  makes  the  film  stronger  and  harder,  as  well  as  practically  non- 
absorbent,  and  by  reason  of  its  fine  texture,  fills  up  the  voids,  caused 
by  the  coarser  pigment  The  manufacturer  should  combine  and  grind 
the  two  pigments  together  in  order  to  thoroughly  amalgamate  the  two. 

When  the  result  required  is  a  white  or  color-tinted  paint,  it  is  advisable 
to  use  the  same  percentage  of  different  basic  pigments  and  coloring-matter 
in  all  of  the  coats,  in  order  to  obtain  uniform  expansion  and  contraction, 
solidity  of  color,  etc. 

When  "prepared  mixed  paints"  in  paste-form  are  used,  the  limit  of  inert 
pigments  should  be  15  per  cent.  This  percentage  may  be  composed  of 
barytes,  silica  or  "Asbestine,"  or  a  mixture  of  such  pigments.  To  this 
amount  there  should  be  no  objection  as  up  to  this  limit  these  "inerts"  have 
their  values  as  parts  of  a  good  paint-film;  the  proportions  given  for  the 
"vehicles,"  however,  should  be  followed. 

The  use  of  "Asbestine"  is  principally  to  hold  in  suspension  the  heavier  pig- 
ments in  the  paint,  its  fluffy  and  rod-like  form  being  valuable  for  this  pur- 
pose. Its  action  as  a  reinforcing  pigment  is  somewhat  analogous  to  that  of 
the  steel  bars  in  the  reinforcing  of  cement  or  concrete  structures. 

Straight  white  lead  makes  a  splendid  primer.  Neither  ochre  nor  boiled 
linseed-oil  should  be  used  for  undercoatings.  When  the  color  of  the  finish- 
ing-coat is  required  to  be  a  strong,  solid  color,  such  as  green,  red,  etc.,  the 
use  of  these  strong-colored  paints  from  the  foundation  up  will  not  result  in 
a  solidity  of  body.  The  use  of  a  strong-tinted,  white  base,  therefore,  is  sug- 
gested for  the  under-coatings. 

In  the  painting  of  cypress  and  southern  yellow  pine,  the  vehicle  in  the 
priming-coat  and  priming-coat  only  should  be  composed  of  40  per  cent  of 
160-degree  benzole,  10  per  cent  of  pure  spirits  of  turpentine  and  50  per 
cent  of  pure  raw  linseed-oil,  and  the  subsequent  coats  should  follow  as 
specified  above.  The  character  of  these  woods  is  such  that  paints  made  with 
the  usual  vehicles  will  not  penetrate  them.  But  with  the  turpentine  and  the 
addition  of  the  benzole,  which  is  one  of  the  greatest  penetrating  solvents  of 
rosin,  gums  and  grease  known,  the  oil  and  the  pigments  when  well  **brushed 
out,"  are  carried  into  the  wood  where  they  find  lodgment  and  form  a  sub- 
stantial and  permanent  foundation  for  subsequent  coatings.  The  benzole, 
like  the  turpentine,  after  performing  its  mission  evaporates  entirely,  leaving 
no  residue.* 

The  building  of  a  first-class  residence  or  other  important  operation, 
frequently  requires  a  year  or  more.    An  additional  or  fourth  coat  of  paint 

•  S^  "Modern  Lumber  as  a  Problem  for  the  Painter,"  by  John  P?wf f, 
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is,  therefore,  a  necessity.  The  following  distribution  is  recommended  for 
these  four  coats.  After  the  priming  or  first  coat  and  the  necessary  puttying, 
the  second  coat  should  be  applied.  The  third  and  fourth  coats  should  be 
put  on  about  the  time  of  the  completion  of  the  building.  One  reason  for  the 
application  of  a  fourth  coat  is  that  the  owner  of  the  building,  impressed  with 
the  fact  that  he  has  a  new  residence,  is  usually  careless  regarding  the  neces- 
sity for  repainting  for  a  term  of  years. 

If  the  priming-coat  is  put  on  when  the  work  is  first  put  in  place,  and  the 
next  two  coats  about  six  months  or  a  year  later,  the  work  will  probably  re- 
quire repainting  in  less  than  four  years.  This  would  seem  to  prove  the 
economy  of  the  initial  fourth  coat,  which,  under  average  conditions,  acts 
as  a  protective  agency  for  probably  six  or  seven  years. 

619.  Note  a.  Repainting  Exterior  Woodwork.  In  the  work  of  repaint- 
ing so  much  depends  upon  the  actual  conditions  that  it  is  practically  im- 
possible to  intelligently  specify  without  being  familiar  with  them. 

The  basic-paint  pigments  should  be  as  specified  in  Note  i.  The  propor- 
tions of  vehicles  for  the  first  coat  must  be  determined  by  the  existing 
conditions.  For  instance,  if  the  vehicles  of  the  old  paint-coatings  are  dried 
out,  leaving  an  absorbent  surface,  the  vehicle  for  the  first  coat  should  consist 
of  about  75  per  cent  of  raw  linseed-oil  and  25  per  cent  of  turpentine,  and 
the  second  or  final  coat  of  90  per  cent  of  raw  linseed-oil  and  10  per  cent 
of  turpentine.  Or,  if  the  surface  is  hard  and  non-absorbent,  the  proper  pro- 
portions of  the  vehicle  for  the  first  coat  should  be  about  50  per  cent  of  oil 
and  50  per  cent  of  turpentine,  and  for  the  final  coat,  90  per  cent  of  oil 
and  10  per  cent  of  turpentine.  Not  infrequently,  from  a  number  of  causes, 
it  has  been  found  necessary,  in  repainting,  to  paint  all  of  the  woodwork  with 
three  coats. 

To  overcome  imperfect  conditions  and  to  obtain  the  best  results  requires 
good  judgment  as  well  as  good  materials.  The  best  results  often  depend 
rather  upon  the  proportions  of  the  vehicle  than  upon  the  pigments  themselves. 

The  "paint-burner"  should  not  be  used  if  it  can  be  avoided.  In  case  it  is 
used,  the  owner  of  the  building  should  consent  to  its  employment,  notify  his 
insurance  company  and  get  a  permit  from  them  consenting  to  its  use. 

620.  Note  3.  Staining  Exterior  Wooditfork.  This  stain  is  suitable  for 
all  kinds  of  wood  used  for  exterior  finish.  It  must  be  remembered  that  a 
stain  implies  a  transparent  coloring  and  not  a  paint-coating  which  is  opaque. 
If  it  is  desired  to  stain  oak  or  c)rpress  to  a  dark-green  or  a  dark-brown 
color,  such  as  is  generally  used  on  half-timber  work,  two  coats  of  stain 
should  be  specified  to  get  the  necessary  depth  of  color.  To  attempt  this 
with  one  coat  would  result  practically  in  a  paint-coating,  and  would  cover 
or  hide  the  figure  of  the  wood.  If  it  is  desired  to  stain  oak  silver-grey  or 
any  other  light  color,  but  one  coat  is  necessary.  Shingles,  owing  to  the 
depth  of  color  required,  frequently  require  a  second  coat  of  stain  after 
they  are  set  in  place.  When  benzole  is  used  in  the  stain,  as  has  been  before 
stated,  it  becomes  the  active  penetrating  factor,  carr)ring  the  coloring-matter 
and  oil  into  the  woods.  It  has  about  the  same  evaporating-consistency  as 
turpentine. 

There  being  a  substantial  difference,  therefore,  between  a  paint-coating  and 
a  stain,  the  stain  specified  can  be  used  when  necessary  for  both  coats. 
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Where  a  perfectly  flat  surface  is  desired,  the  second  coat  of  oil  may  be  an 
objection;  but  it  is  recommended  for  durability,  and  also,  for  the  reason  that 
tlie  oil-gloss  shortly  flattens  down. 

There  are  a  number  of  very  good  shingle-stains  on  the  market. 

6ai.  Note  4.  Restaining  Exterior  Woodwork,  Restaining  is  also  a 
matter  of  judgment  as  to  whether  the  entire  work  or  only  a  part  of  it  should 
be  gone  over  with  a  light  coat  of  stain,  when  it  is  in  bad  condition,  and 
as  to  whether  it  should  have  one  or  two  coats  of  oil.  A  careful  examina- 
tion should  lead  to  a  wise  decision.  A  coat  of  oil  over  the  old  stain  will 
make  quite  a  difference  in  the  appearance  of  the  old  color. 

632.  Note  5.  Painting  New  Exterior  Brickwork,  If  penciling  or  strip- 
ing of  joints  in  either  white,  black  or  other  color  should  be  required,  it 
should  be  specified  after  the  application  of  the  flat  coat,  the  lines  being  true 
to  the  size  of  the  bricks  and  uniform  in  width. 

There  are  a  number  of  paint-manufacturers  who  make  a  first-class  pre- 
pared "flat,  brick-color,"  in  red,  buff  or  grey,  each  consisting  of  a  number 
of  shades,  light,  medium  and  dark.  They  will  furnish,  also,  any  required 
shade  or  color. 

This  specification  applies  to  flat,  red-brick  finish.  If  a  buflF  or  grey,  flat 
brick-color  is  required,  instead  of  Venetian  red,  two  coats  of  lead-and-oil 
paint,  colored  to  conform  to  the  bricks  selected,  should  be  specified.  When 
a  buff  or  grey  brick-color  is  desired  it  should  be  so  stated  in  the  specifica- 
tions, as  a  lead-and-zinc-base  paint  costs  considerably  more  than  Venetian 
red. 

For  a  gloss-finish  in  red,  buflF  or  grey,  or  any  other  color,  three  full  coats 
are  required,  the  final  coat  containing  about  90  per  cent  of  linseed-oil  and 
10  per  cent  of  turpentine. 

633.  Note  6.  Repainting  Old  Exterior  Brickwork.  The  painter  should 
not  be  expected  to  be  a  brick-mason.  If  any  amount  of  repointing  is  neces- 
sary, special  arrangements  should  be  made  for  it. 

Usually  one  coat  of  oil-color  is  sufficient,  but  where  the  surface  is  badly 
worn,  two  coats  of  an  oil-paint  are  to  be  applied,  as  it  is  practically  neces- 
sary to  have  a  uniform,  gloss-surface  before  the  flat  brick-color  is  put  on. 

For  a  bright,  gloss-finish  on  old  work  in  any  color  or  shade,  two  full  coats 
are  to  be  applied,  the  final  coat  containing  about  90  per  cent  of  oil  and  10 
per  cent  of  turpentine. 

624.  Note  7.  Repainting  Old  Exterior  Plaster,  Cement  and  Concrete. 
All  practical  painters  agree  that  in  painting  over  plaster  and  cement-surfaces 
many  serious  difficulties  are  encountered  and  that  additional  future  trouble 
is  probable,  because  of  the  free  lime  and  alkali  which  are  a  part  of  the 
composition  of  plaster  and  cement,  and  which  are  formed  in  the  drying  out 
of  these  materials.  Their  destructive  action  on  colors  and  paint-vehicles  is 
well  known.  A  necessary  requirement  of  a  cement-paint  is,  that  its  vehicle 
and  its  colors  are  not  impaired  when  in  contact  with  cement  or  lime.  The 
results  of  investigations  made  during  a  number  of  years  and  of  the  use  of 
the  "Basic  Coater,"  have  convinced  the  writer  that  this  coater  is  of  great 
value  in  the  preparation  of  plaster  and  cement-surfaces  for  painting,  or 
otherwise  embellishing,  as  it  neutralizes  these  destructive  agencies,  without 
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in  any  way  impairing  the  strength  or  other  useful  properties  of  the  cement 
or  lime.  In  fact,  the  deterioration  of  the  vehicle  and  of  the  colors  and  the 
usual  objectionable  discolorations  are  prevented  when  the  "Basic  Coater"  is 
applied  first  It  should  be  freely  applied.  When  dry  it  acts  in  a  measure 
as  a  light  sizing-coat  over  which  any  paint  can  be  applied  with  perfect  safety. 

Another  necessary  property  of  a  cement-paint  is  that  of  resistance  to  and 
non-absorption  of  water  and  dampness.  One  hundred  per  cent  of  the  pres- 
ent-day cement-paints  are  designed  for  that  purpose.  Eighty  per  cent  of 
them  break  down  soon  after  use,  because  of  their  faulty  composition,  the 
use  of  practically  unknown  and  not  thoroughly  tried-out  vehicles,  and 
the  disintegrating  action  of  the  alkali  in  the  cement  and  lime.  With  the 
"Basic  Coater"  there  need  be  no  hesitancy  in  recommending  the  use  of  a 
paint  containing  the  following  ingredients:  pigments,  70  per  cent  of  white 
lead  and  30  per  cent  of  zinc-oxide;  vehicle,  80  per  cent  of  raw  linseed-oil 
and  20  per  cent  of  turpentine;  the  last  coat,  90  per  cent  of  raw  linseed- 
oil  and  10  per  cent  of  turpentine,  each  coat  containing  one  pint  of  a  good 
gum-mixing  varnish  to  one  gallon  of  paint.  The  paint  must  have  a 
good  body,  be  well  worked  into  the  surface  and  each  coat  must  be  thor- 
oughly dry  before  another  is  applied. 

If  a  semi-flat  surface  is  desired,  the  quantity  of  oil  in  the  final  coat  is  to 
be  reduced.  There  are  a  number  of  very  good  paints  found  on  the  market 
designed  for  this  kind  of  work,  but  the  use  of  the  "Basic  Coater"  is  recom- 
mended in  conjunction  with  them.  In  the  use  of  a  semi-flat  coat  for  a 
finish,  the  undercoating  is  recommended  to  have  a  good  gloss  for  the 
reason  that  the  "flatter"  a  paint  is  the  greater  is  its  absorbent  property. 
The  fact  should  not  be  overlooked  that  the  paint  under  consideration  is  for 
use  on  outside  work. 

For  old  brickwork,  repointed  with  cement  or  lime  before  repainting,  a 
coat  of  "Basic  Coater"  is  recommended  as  it  prevents  the  alkali  in  the 
pointing-material  from  destroying  the  color  of  the  paint. 

No  paint  should  be  applied  to  damp  surfaces.  Paint-films  will  not  with- 
stand the  disintegrating  effects  of  wet  foundations. 

635.  Note  8.  Painting  New  Exterior  Iron  and  Steel,  Ordinary  Work. 
"Kardite  Red  Lead"  is  a  chromatized  preparation,  acting  as  in  inhibitor  of 
corrosion  on  iron  and  steel.  "Kardite  Red  Rust  Inhibitive  Paint"  can  be 
purchased  mixed  ready  for  application  without  reduction.* 

"Flexible  Compound"  is  a  specially  prepared  oil  containing  compounds 
which  make  it  very  durable  "and  water-resisting.  Turpentine  and  dryers 
must  not  be  used  in  connection  with  it,  but  raw,  linseed-oil,  up  to  50  per 
cent  in  amount,  may  be  used  as  a  reducer.  "Flexible  Compound"  has  been 
used  with  much  success  for  structural  iron  and  steel  and  for  iron  fencing. 

6a6.  Note  9.  Painting  New  Exterior  Iron  and  Steel  First-class  Work. 
"Red  lead"  when  pure  is  of  exceptional  merit  as  an  iron  and  steel  paint- 
pigment.  For  structural  work,  two  coats  may  be  applied.  This  lead  is 
found  to  be  very  much  adulterated,  especially  when  purchased  in  bulk  for 

•  See  Bulletin  on  "The  Preservation  of  Iron  and  Steel,"  and  other  data  relating  to 
"Kardite  Paint,"  by  Dr.  Allerton  S.  Cushman  and  Dr.  H.  A.  Gardner,  The  Institute  of 
Industrial  Research,  Washington,  D.  C 
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large  operations,  but  it  can  be  obtained  pure.  For  a  certain  large  steel- 
frame  building  the  specifications  read:  "all  steelwork  is  to  be  painted  with 
two  coats  of  'pure  red  lead/  one  coat  to  be  put  on  at  the  mill  and  the  other 
when  the  work  is  assembled."  The  contractor  bought  and  paid  for  what  he 
supposed  to  be  "pure  red  lead/'  As  it  had  the  color  of  that  pigment,  he 
took  it  for  granted  that  it  was  the  paint  specified  and  ordered  by  him. 
When  the  work  was  finished,  some  of  the  so-called  "pure  red  lead"  was 
taken  from  the  building  and  found,  after  an  analysis,  to  contain  60  per  cent 
of  red  lead  and  40  per  cent  of  calcium  carbonate  (whiting)  which  is  known 
to  be  one  of  the  causes  of  corrosion. 

During  the  last  year  (1912)  an  improvement  in  the  process  employed  in 
the  manufacture  of  red  lead  has  resulted  not  only  in  a  greater  purity  of  the 
product,  but  also  in  the  elimination  of  its  tendency  to  harden  in  the  pack- 
ages.   This  tendency  has  been  a  serious  drawback  in  its  use. 

Lampblack,  ground  in '  linseed -oil  is  also  a  first-class  pigment.  For  a 
denser  black  a  small  quantity  of  Prussian  blue  is  added.  When  this  com- 
bination is  mixed  with  the  "Flexible  Compound"  the  result  is  a  splendid 
paint  for  this  purpose^ 

627.  Note  10,  Painting  Galvanised  Iron.  How  to  effect  the  adhesion  of 
paint  to  the  surface  of  galvanized  iron  has  long  been  a  problem  for  the 
painter;  but  it  has  been  practically  demonstrated  that  the  preparation  speci- 
fied, if  thoroughly  applied,  will  overcome  the  difficulties.  After  this  solution 
remains  on  the  metal  for  24  hours,  it  will  remove  all  the  grease  and  other 
substances  which  interfere  with  the  proper  painting.  It  will  produce  a 
blackened,  coppered  surface  to  paint  upon,  which  will  readily  hold  the  piant 
Other  solutions,  such  as  nitric  acid  and  muriatic  acid,  cause  a  rusting  of 
the  iron  surface  and  interfere  with  the  painting.  The  use  of  copper-acetate, 
however,  results  differently.  Copper-acetate  is  simply  a  solution  of  metallic 
copper  in  strong  vinegar.  It  can  be  made  by  the  painter  himself,  but  it  is 
cheaper  if  bought  at  the  drug-store  and  mixed  in  hot  water  as  specified. 
It  is  strongly  insisted  upon  that  the  first  coat  of  paint  be  of  red  lead  with 
about  50  per  cent  of  raw  linseed-oil  and  50  per  cent  of  turpentine.  If  the 
color  desired  for  the  finish-coat  is  dark,  one  additional  coat  will  be  suffi- 
cient; but  if  it  is  white  or  a  light-tinted  color,  at  least  two  coats  will  be 
required. 

6a8.  Note  11.  Painting  Copper,  How  to  make  paint  adhere  to  copper 
surfaces  has  been  quite  a  problem.  The  trouble  is  caused  by  the  oil  or 
grease  used  to  keep  the  surface  of  the  copper  from  becoming  tarnished  or 
stained  while  in  stock  or  in  transportation.  With  the  removal  of  these  oils 
by  the  use  of  benzole  as  a  cleaner,  followed  by  a  hard-drying  body  of  red 
lead,  thus  forming  a  firm  foundation  for  the  subsequent  paint-coatings,  per- 
manent results  are  secured. 

629.  Note  12.  Painting  Tin.  For  new  tin  work  on  roofs,  two  coats, 
only,  of  paint  are  recommended  with  an  application  of  one  coat  every  two 
or  three  years  thereafter.  Tin  being  non-absorbent,  the  accumulation  of 
paints  on  its  surface,  together  with  its  expansion  and  contraction,  soon 
causes  checking  and  what  is  called  "alligatoring."  The  snow  and  rain,  also, 
lying  on  the  surface  for  .an  indefinite  time,  add  to  the  tendencies  to 
deteriorate. 
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White-lead  or  graphite-paint  should  not  be  applied  directly  to  the  new 
tin  work,  but  for  subsequent  coatings  there  is  no  objection  to  them. 

630.  Note  13.  Painting  Interior  Woodwork,  If  the  color  required  is 
white  or  a  light  tint,  the  woodwork  should  first  receive  one  coat  of  shellac 
to  prevent  discolorations  from  rosin  and  sap-wood.  If  a  varnish-coat  is 
required  over  the  paint,  all  painted  work  is  to  be  specified  to  receive  one 
coat  of  a  good-wearing,  light-colored  varnish,  evenly  applied. 

631.  Note  14.  Painting  and  Graining  Interior  Woodwork,  If  a  first- 
class  job  is  required,  one  additional  coat  of  varnish,  full  and  evenly  applied, 
is  to  be  specified,  each  coat  being  thoroughly  dried  before  another  is  put  on. 
If  a  flat  finish  is  required,  the  last  coat  of  varnish  is  to  be  specified  to  be 
rubbed  evenly  to  a  flat  finish  with  crude  oil  and  pumice-stone,  and  all  oil 
and  pumice-stone  thoroughly  cleaned  off  at  completion. 

A  flat  finish  may  be  secured  by  using  what  is  termed  a  "flat  varnish." 
In  the  use  of  a  flat  varnish,  two  coats  are  required,  the  first  being  a  gloss- 
varnish.  About  so  per  cent  of  these  varnishes  contain  a  large  percentage 
of  wax,  over  which  paint  and  varnish  cannot  be  applied  at  any  future  time, 
as  neither  will  adhere  permanently  to  a  wax-surface.  The  use  of  some  of 
these  flat  varnishes  is  commendable,  especially  to  produce  certain  results  on 
natural  hardwoods. 

Graining  is  practically  becoming  a  "lost  art,"  owing  to  the  general  use 
of  hardwoods.  Where  the  work  is  well  done  this  specification  should  pro- 
duce excellent  results.  Painters  may  not  agree  on  the  number  of  coats  and 
manner  of  mixing  of  the  ground-coating.  It  is  the  opinion  of  the  writer 
that  no  cracking  or  crazing  of  the  varnish  will  result.  Of  course  the  var- 
nish must  be  good  and  the  undercoating  perfectly  dry. 

The  woods  best  adapted  to  painting  and  graining  are  birch,  cherry,  maple, 
poplar  and  white  pine. 

632.  Note  15,  Natural  Finish  for  New  Interior  Softwoods,  This  would 
apply  to  white  pine,  poplar,  yellow  pine,  cypress,  etc.  Sometimes  a  flat 
finish  is  required;  in  that  case  the  rubbing  with  oil  and  pumice-stone  to  a 
dull  even  finish  is  to  be  specified.  Close  rubbing  on  two  coats  of  varnish 
is  not  recommended  as  it  must  be  kept  in  mind  that  close  rubbing  will 
practically  remove  one  coat  of  varnish.  Rubbing  of  work  in  servants'  quar- 
ters and  in  average,  ordinary  medium  jobs,  is  not  recommended. 

The  natural  color  of  these  woods  is  sometimes  an  objection.  In  that 
case  a  "touch"  of  burnt  sienna,  or  burnt  and  raw  sienna,  may  be  added  to 
the  first  coat  of  varnish,  not  enough  to  produce  a  stain,  but  enough  to  give 
the  wood  a  warm,  pleasing  glow,  and  to  remove  the  harshness  of  the  natural 
color. 

633.  Note  16.  Staining  and  Varnishing  New  Interior  Softwoods,  The 
reason  for  applying  a  thin  coat  of  oil  to  the  woodwork  before  staining  is 
because  certain  portions  of  the  surface  may  be  very  much  softer  than  others, 
the  differences  appearing  even  as  spots  over  the  entire  surface.  With  the 
application  of  the  oil  as  specified,  the  suction  of  those  soft  places  is,  in  a 
measure,  stopped,  and  a  practically  uniform  surface  is  obtained  on  which 
to  work  the  stain.  A  thin  coat  of  shellac  instead  of  oil  might  be  used;  but 
jthe  oil  thinned  with  the  turpentine  is  preferred,  as  a  mor^  uniform  absorp- 
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tion  into  the  wood  is  obtained  for  the  stain,  the  shellac  in  a  measure  stop- 
ping the  absorption. 

For  a  flat  surface  the  rubbing  with  oil  and  pumice-stone  to  a  dull  finish 
is  specified;  for  close  rubbing  one  additional  coat  of  varnish  is  specified. 
This  specification  would  apply  to  white  and  yellow  pine,  poplar,  cypress,  etc. 

634.  Note  17,  Painting  and  Enameling  New  Interior  Woodwork,  With 
the  application  of  a  second  coat  of  enamel  the  rubbing  with  water  and 
powdered  pumice-stone  to  a  very  good  finish  may  be  added  to  this  specifi- 
cation. If  a  semigloss  or  flat  finish  is  desired  with  but  one  coat  of  enamel, 
the  "enamel  is  to  be  reduced  by  mixing  into  it  a  portion  of  the  straight  zinc- 
coater  necessary  to  give  the  condition  required.  To  obtain  the  best  results, 
without  show-laps,  brush-marks  or  cording,  requires  very  careful  brushing. 

With  the  exception  of  the  priming-coat  no  oil  should  be  used  except  such 
as  may  be  found  in-  the  stiff  lead  and  zinc ;  the  priming-coat  should  consist 
of  about  40  per  cent  of  oil  and  60  per  cent  of  turpentine,  light  of  body  and 
well  brushed  into  the  wood.  Zinc  for  enameling-purposes  should  be  ground 
in  poppy-oil,  which  greatly  minimizes  the  chances  of  the  work  turning  yel- 
low when  confined  to  a  dark  room.  The  use  of  linseed-oil  is  one  powerful 
cause  of  work  turning  yellow  when  excluded  from  a  strong  light.  In  the 
preparation  of  several  under  paint-coatings,  instead  of  oil  as  a  binder,  a 
portion  of  a  good-mixing  enamel-varnish  should  be  used,  each  coat  being 
worked  flat  In  using  the  straight  zinc-oxide  for  the  final  coat  of  paint  in 
this  class  of  work,  it  is  found  that  purer  tints  of  greater  variety  can  be 
obtained,  with  less  danger  of  chemical  action  than  if  some  white  leads  are 
used. 

The  straight  zinc-coat  should  have  an  "egg-shell  gloss"  for  the  reason 
that,  if  it  were  perfectly  flat,  as  the  under  paint-coatings  should  be,  it  would 
absorb  and  draw  out  the  liquid  elements  from  the  enamel-coat,  leaving  a 
surface  of  questionable  uniformity. 

The  different  coats  of  paint,  from  the  shellac  up,  should  be  tinted  as 
required  for  the  finish;  for  a  "solidity"  of  tint  is  thus  obtained  that  could 
not  otherwise  be  secured.  For  a  perfect  white  job,  the  painter  is  oftentimes 
said  to  "draw  the  lead."  That  is,  the  lead  is  broken  up  in  the  turpentine 
to  a  thin  consistency  and  permitted  to  stand  twenty-four  hours,  the  surface 
liquid  being  then  poured  off  and  the  remaining  lead  being  practically  free 
from  oil.  With  the  percentage  of  zinc-oxide  specified  and  with  the  use  of 
a  good  white  enamel-varnish,  or  what  is  better,  a  portion  of  the  enamel 
as  a  binder  reduced  with  pure  turpentine  to  a  working-consistency,  a 
ground-work  for  the  enamel  finish  is  obtained  that  cannot  be  equaled,  pro- 
vided each  coat  is  permitted  to  become  thoroughly  dry  before  another  is 
applied.  For  a  "dead  white,"  the  paint  is  sometimes  given  a  "touch"  of  blue 
or  black. 

If  for  the  finishing-coat  an  enamel-varnish  instead  of  a  "prepared  enamel" 
is  specified  (and  there  are  a  number  of  good  "prepared  enamels"),  a  small 
portion  of  the  zinc-coat  is  to  be  specified  to  be  added  to  the  varnish  because 
there  are  no  good  light  varnishes  made  that  will  not  discolor  pure  white 
and  very  delicate  tints.  A  good  enamel,  is  expensive,  but  it  is  worth  the 
money. 
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The  woods  adapted  for  enameling  are  cherry,  birch,  maple,  poplar  and 
white  pine. 

635.  Note  i8,  Superior  Work  in  Painting  and  Enameling^  This  speci- 
fication if  faithfully  carried  out  will  produce  excellent  results.  For  this 
high-class  work  cherry,  birch,  or  plain  maple  should  be  used;  good  results 
can  be  secured  on  white  pine  or  poplar. 

636.  Note  19.  Distemper  and  Calcimine  on  New  Plaster  and  Cement, 
There  are  quite  a  number  of  most  excellent  distemper-preparations  on  the 
market,  known  by  different  names.  The  old-fashioned  "calcimine**  still 
maintains  a  substantial  standing,  largely  owing  to  the  ease  with  which  it 
can  be  removed  when  refinishing  becomes  necessary.  It  is  true  the  former 
is  less  absorbent,  but  extremely  difficult  to  remove. 

There  are  a  number  of  very  good  sizes  that  could  be  used  for  this  pur- 
pose, but  no  better  one  is  known  than  a  good  coat  of  oil-paint,  white  or 
lightly  tinted,  and  applied  directly  over  the  "basic  coater."  Its  useful  prop- 
erties are  many;  for  instance,  when  aibout  50  per  cent  of  linseed-oil  is  used 
in  the  paint,  and  when  it  is  thoroughly  dry,  it  produces  a  splendid  working- 
surface  and  also  a  permanent  sizing-surface  for  future  refinishing.  The  old 
material  can  be  readily  cleansed  from  it,  that  is,  if  the  material  used  will 
permit  of  its  being  removed  from  anything. 

Under  no  consideration  should  a  varnish-coating  be  used  for  sizing- 
purposes,  as  it  does  not  permit  of  any  absorption  and  is  extremely  hard ;  in 
fact,  it  is  impossible  to  produce  an  even  and  uniform  surface  on  a  high 
gloss.  There  is  also  a  very  great  tendency  for  the  calcimine  to  loosen  and 
flake  off  on  account  of  the  hardness  of  the  varnish-surface,  which  does  not 
permit  either  of  the  materials  to  enter  into  it. 

637.  Note  20.  Painting  and  Varnishing  on  Plaster  and  Cement.  Ordi- 
nary Work.  If  a  bright  gloss  is  objectionable,  the  coat  of  varnish  is  to  be 
eliminated.  In  the  third  coat  a  quantity  of  a  good  mixing-varnish  sufficient 
to  produce  a  dull  gloss  should  be  mixed  into  this  coat  and  when  applied 
it  should  be  stippled  lightly  to  prevent  laps  or  brush-marks. 

A  varnish-sizing  gloss-coat  should  never  be  applied  directly  on  plaster 
or  on  the  "basic  coater,"  because  it  does  not  penetrate,  but  dries  on  the 
surface.  It  creates  a  substantial  barricade  that  does  not  permit  the  subse- 
quent paint-coatings  to  enter  into  the  surface  and  does  not  make  a  sub- 
stantial foundation.  The  result  of  this  condition  is  a  sort  of  "letting-go," 
and  a  cracking  and  scaling  of  both  the  varnish-size  and  the  paint,  caused 
by  the  drying-out,  expansion  and  contraction.  For  a  sizing,  a  good  coat  of 
paint  is  recommended,  containing  at  least  50  per  cent  of  linseed-oil.  There 
is  no  objection  to  lo-  or  15  per  cent  of  varnish,  applied  directly  and  well- 
brushed  into  the  plaster-surface.  When  the  "basic  coater*'  is  used,  the 
sizing-coat  should  positively  be  applied  on  top  of  the  "basic  coater." 

638.  Note  ai.  Painting  and  Varnishing  on  Plaster  and  Cement,  First- 
class  Work.  This  formula  will  produce  a  paint  practically  non-absorbent 
when  properly  applied,  largely  because  the  fine  particles  of  the  zinc-oxide 
close  up  all  voids  caused  by  the  coarser  pigments.  The  film  is  also  made 
stronger  and  not  too  hard. 

This  formula  does  not  produce  a  perfectly  flat  finish.   ^By  reducing  the 
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oil  and  varnish  in  the  last  coat  and  increasing  the  amount  of  turpentine, 
any  degree  of  flatness  can  be  obtained.  A  small  quantity  of  wax  thor- 
oughly diss<51ved  in  turpentine  and  added  to  the  final  coat  will  also  produce  a 
flat  finish.  Of  course,  good  judgment  must  be  exercised  in  the  use  of  these 
vehicles  to  obtain  the  best  results.  This  matter  should  be  left  wholly  with 
the  painter.  The  pigments  do  not  enter  into  the  questions  of  *'gloss"  or  "no 
gloss."  It  must  be  remembered  that  the  flatter  a  paint-surface  is  the  more 
liable  it  is  to  become  absorbent  and  lose  its  strength  and  resisting-power 
to  shield  off  surface-abrasions. 

If  a  strong  gloss  is  desired,  the  stippling  is  to  be  eliminated  and  one  coat 
of  a  good- wearing  body- varnish  or  a  full  coat  of  enamel  is  to  be  evenly 
applied. 

Very  frequently,  for  fine  residences,  the  walls  and  ceilings  of  certain 
rooms  are  first  covered  with  light  canvas  of  heavy,  unbleached  muslin  of 
extra  width,  or  with  "prepared  muslin"  or  with  "sanitas"  especially  designed 
for  painting-purposes.  In  that  case  it  should  be  specified  that  the  walls  and 
ceilings  (the  locations  to  be  designated)  be  properly  prepared  and  sized. 
All  surfaces  are  to  be  covered  with  prepared  muslin  or  canvas  of  an  extra 
width,  and  then  sized;  and  all  open  joints  are  to  be  properly  glazed  with 
lead-putty.  The  painting  is  then  to  be  proceeded  with  as  specified.  The 
"basic  coater"  should  be  used,  applied  directly  to  the  plaster,  as  it  acts  as 
a  preventive  against  discolorations  that  frequently  appear.  When  a  fabric- 
covering  is  used  it  is  recommended  that  it  be  applied,  if  possible,  to  the 
walls  before  the  wood-finish  is  put  in  place,  so  that  around  the  different 
openings  the  wood  may  cover  over  a  portion  of  the  fabric.  Of  course,  the 
plaster  must  be  thoroughly  dry. 

Excellent  results  have  been  obtained  by  covering  the  ceiling  and  walls 
of  bath-rooms  above  the  tile  wainscoting  with  three  coats  of  prepared 
"sanitas,"  paint  and  then  two  coats  of  white  enamel  (or  it  may  be  tinted), 
the  last  coat  being  rubbed  with  water  and  pumice-stone  to  a  china-gloss 
finish.  Care  must  be  taken  to  have  the  rubbing  uniform  and  to  show  no 
laps.    This  coating  is  very  sanitary  and  easily  cleaned. 

There  have  lately  appeared  on  the  market  what  is  known  as  "flat- Wall 
coaters."  They  are  paints  intended  for  plaster-surfaces.  While  many  of 
these  have  not  proven  to  be  worthy  of  recommendation,  there  are  among 
them  some  that  are  really  efficient  and  excellent  in  appearance.  The  ques- 
tion of  their  permanency  is  at  present  a  perplexing  one;  what  the  results 
will  be  after  repainting  a  number  of  times  with  the  same  or  with  similar 
materials  cannot  be  predicted  with  certainty.  Many  of  them  are  innovations 
in  regard  to  both  pigment  and  vehicle  and  must  speak  for  themselves  in 
the  future.  Some  brands  look  and  work  well  and  promise  good  results. 
One  objection  to  all  of  them  is,  that  there  is  no  distinction  between  the 
first  and  the  final  coat.  They  are  all  of  the  "one  mix,"  and  sold  as  such. 
The  last  coat  shows  a  perfectly  flat  film.  The  first  coat,  being  the  same  as 
the  last,  is  not  suited  to  its  purpose,  which  is  to  penetrate  into  the  plaster. 
Its  composition,  however,  will  not  permit  it  t©  do  so,  and  it  simply  dries 
on  the  surface.  The  result  is  a  breaking-away  from  the  plaster-surface 
with  scaling  and  flaking.    No  precautions  seem  to  have  been  taken  to  pro- 
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tect  the  vehicle  and  colors  from  the  destructive  alkali  found  in  the  plaster 
and  cements.  It  is  strongly  recommended,  therefore,  that  all  plaster  and 
cement-surfaces  be  first  coated  with  the  "basic  coater,"  allowing  twenty- 
four  hours  to  dry;  and  that  for  the  Arst  coat  of  all  prepared  flat- wall 
coaters  one-quarter  gallon  of  linseed-oil,  with  a  little  dryer,  be  added.  That 
would  cause  the  paint  to  penetrate  into  the  plaster,  forming  a  substantial 
foundation  for  subsequent  coatings,  with  all  danger  of  discolorations  and 
of  the  deterioration  of  the  vehicle  and  colors  eliminated. 

The  stippling  of  paint  should  be  done  very  lightly.  It  should  be  simply 
an  "evening-up,"  as  it  were,  for  the  purpose  of  getting  a  uniform,  even 
surface.  Coarse  stippling  should  be  avoided  as  it  is  most  unsanitary,  and 
provides  a  lodgment  for  microbes,  etc.,  in  the  surface-abrasions  caused  by 
such  stippling.  It  is  unsanitary  also  because,  owing  to  its  coarseness,  it  is 
cleaned  with  difficulty.  The  abandonment  of  what  is  known  as  "sand 
finish"  is  also  recommended  for  the  above  reasons. 

In  many  large  office-buildings  nearing  completion  the  painter  is  required 
to  proceed  with  the  painting  of  plaster  and  cement-surfaces  while  they  are 
still  damp,  and  often  quite  wet.  This  is  ruinous  to  future  good  results. 
A  paint  used  over  wet  surfaces  is  at  best  but  temporary  and  must  contain 
no  varnish,  very  little  oil  and  no  zinc-oxide.  It  must  be  as  soft  as  possible 
to  permit  the  dampness  to  "exhale"  through  the  paint  to  the  surface.  The 
alkali  being  still  active,  owing  to  excess  of  dampness,  staining,  blistering  and 
peeling  of  the  paint  is  a  sure  result. 

639.  Note  22.  Varnishing  and  Finishing  Hardivoods.  If  the  location  of 
the  finish  justifies  additional  expense  and  a  flat  surface  is  desired,  it  should 
be  specified  that  the  last  coat  of  varnish  be  lightly  rubbed  with  oil  and 
pumice-stone  to  a  uniform,  dull  finish,  and  that  all  oil  and  pumice-stone  be 
afterwards  cleaned  from  the  surface.  In  servants'  portions  of  residences 
this  is  not  justifiable. 

This  specification  pertains  to  all  open-grained  woods  such  as  oak,  ash, 
chestnut,  black  walnut,  etc.  If  cherry,  birch,  maple  and  similar  woods  are 
used,  the  filling  with  paste-filler  is  frequently  eliminated,  the  shellac-coating 
meeting  all  requirements.  It  is  recommended  that  the  filler  be  used  as 
specified,  but  quite  thin  in  body,  and  carefully  wiped  from  the  surface. 
For  birch  stained  in  imitation  of  mahogany  the  filler  should  always  be 
omitted,  and  the  shellac  applied  directly  on  the  stain,  as  chemical  action 
frequently  takes  place  when  oil  is  brought  in  direct  contact  with  mahogany- 
stain  used  on  birch. 

640.  Note  23.  Varnishing  and  Finishing  Hardwood,  Superior  Work. 
This  specification  applies  to  the  finishing  of  red  or  white  mahogany,,  cherry, 
birch,  walnut,  rosewood,  etc.  In  finishing  mahogany,  or  other  woods  stained 
with  a  water-stain  in  imitation  of  mahogany,  or  otherwise,  after  lightly 
sandpapering  the  stain  a  light  coat  of  shellac  is  frequently  applied  directly 
on  the  stain,  sandpapered  lightly  and  the  filler  and  varnish  then  proceeded 
with  as  specified.  White  shellac  should  never  be  used  on  dark  mahogany 
or  mahogany  stained,  as  it  will  in  time  bleach  out  white,  showing  a  milky 
film  under  the  varnish.  Both  the  shellac  and  filler  are  frequently  omitted 
and  a  coat  of  linseed-oil,   reduced   one-half  with   turpentine  containing  a 
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little  dryer,  applied  directly  to  the  stain.  After  this  has  remained  on  for 
some  time,  any  oil  that  is  still  standing  on  the  surface  should  be  carefuly 
wiped  off  and  the  oil  which  the  wood  has  absorbed  should  be  allowed  to 
get  perfectly  dry;  the  varnishing  should  then  be  proceeded  with  as  specified. 
In  this  latter  case  four  coats  of  varnish  should  be  applied. 

For  white  maple  or  bird's-eye  maple,  holly,  satinwood,  etc.,  the  filler  and 
stain  should  be  eliminated  and  two  coats  of  pure  grain-alcohol  white  shellac 
and  three  coats  of  an  extra-pale  varnish,  designed  for  this  class  of  work, 
and  a  rubbing  and  finishing  as  directed,  should  be  specified.  Oil  brought  into 
contact  with  these  and  similar  woods  has  a  'tendency  to  darken ;  whereas 
the  purpose  is  to  keep  the  woods  as  light  and  natural  in  color  as  possible. 

For  Italian  or  French  walnut,  Circassian  walnut  and  similar  woods, 
where  it  is  so  important  that  the  natural  colors  and  shading  be  preserved, 
the  filler  should  be  eliminated  and,  applied  as  above,  two  coats  of  pure 
grain-alcohol  white  shellac  and  three  coats  of  a  light  varnish,  should  be 
specified,  with  the  rubbing  and  finishing  as  directed. 

Fine  carved  work  should  never  be  varnished  and  rubbed  as  usually 
specified.  Stain  should  be  specified  if  necessary  to  make  the  carving  match 
the  balance  of  wood  in  color;  one  light  coat  of  shellac  and  two  thin  coats 
of  wax,  rubbed  to  a  hard  surface  with  a  stiff-bristle  brush  should  be 
required.  One  medium  or  light  coat  of  a  good  flat  varnish  in  place  of  the 
wax  will  answer  very  nicely.  The  filler  with  the  several  coats  of  varnish 
will  have  a  tendency  to  fill  up  and  round  the  sharp  edges  and  the  clean 
cutting  of  good  carvings. 

641.  Note  24.  Staining  and  Waxing  Hardwoods,  This  specification 
will  apply  to  oak,  ash,  chestnut,  mahogany,  cherry,  etc.  If  a  finish  with 
open  wood-pores  is  desired,  the  filling  should  be  eliminated,  but  an  additional 
coat  of  wax  should  be  added. 

64a.  Note  2$.  Staining  and  Waxing  Hardwoods.  Superior  Finish. 
This  specification  applies  to  oak,  ash,  chestnut,  red  and  white  mahogany, 
cherry,  black  walnut,  etc.,  and  calls  for  the  very  best  results.  A  water- 
stain  is  mentioned  because  it  is  the  best  and  most  satisfactory  in  showing 
up  to  advantage  the  general  beauty  of  the  natural  shadings  and  figures  of 
the  woods.  In  staining  it  should  be  emphasized  that  it  does  not  mean  a 
"covering  up,"  but  rather  a  "bringing  out."  In  oil-stains  the  coloring-matter 
is  largely  composed  of  pigments  of  a  different  character;  and  as  a  rule 
they  are  permanent,  but  they  have  a  strong  tendency  to  cover  up.  Spirit- 
stains  are  hard  to  apply  and  the  results  unsatisfactory,  the  coloring  matter 
very  often  being  "fugitive."  Where  it  is  possible  to  get  the  color  effects 
by  the  use  of  water-stains  (and  their  number  is  legion),  they  are  recom- 
mended above  all  others.  All  water-stains  raise  the  grain  of  the  wood  more 
or  less,  spirit-stains  do  so  very  slightly  and  oil-stains  practically  not  at  all. 
In  connection  with  the  use  of  water-stains,  an  application  of  clear  water  to 
the  oak  wood,  direct,  should  be  specified,  so  that  the  surface-particles  may  be 
raised  and  then  cut  off  with  sandpaper,  and  in  order  that  the  water-stain 
shall  have  no  tendency  to  further  raise  the  grain.  When  the  water-coating 
is  not  used  and  the  water-stain  is  applied  directly,  it  requires  so  much  sand- 
papering to  again  secure  a  smooth  surface  that  much  of  the  stain  and  its 
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effects  are  removed  by  the  sandpapering.  The  water-coating  is  very  fre- 
quently omitted  on  less  important  work.  When  oil  and  spirit-stains  are 
used  the  water-coat  should  be  omitted;  for  woods  other  than  oak  it  may 
also  be  omitted  in  the  use  of  the  water-stain. 

Very  frequently,  to  obtain  the  desired  results,  a  *  light  coat  of  shellac 
is  applied  directly  on  top  of  the  stain,  after  which  the  filling  is  proceeded 
with  as  specified.  The  shellac-coating  is  also  frequently  eliminated  from 
on  top  of  the  filler  and  the  wax  applied  directly  on  the  filler.  The  results 
desired  must  regulate  the  procedure. 

When  an  open-grain  or  pore-efFect  is  desired,  the  filler  should  be  omitted, 
but  an  additional  light  coat  of  shellac  should  be  added.  It  is  very  essential 
in  this  class  of  work  that  the  shellac  be  applied  thinly  and  evenly, 
showing  no  laps  or  brush-marks.  If  a  perfectly  flat  or  dead  finish  is  re- 
quired both  filler  and  shellac-coatings  are  omitted,  and  the  waxing  done 
as  specified  directly  on  the  stain;  one  coat  of  shellac,  however,  is  recom- 
mended. If  the  natural  colors  of  the  woods  are  to  be  retained,  the  stain- 
ing is  omitted  and  the  procedure  carried  on  as  specified,  observing  the  above 
notes. 

When  white  maple  and  bird's-eye  maple,  satinwood,  holly,  French,  Italian 
and  Circassian  walnut  and  similar  woods,  are  required  to  be  finished  so  that 
they  show  their  natural  colors,  the  water-coat,  stain  and  filler  should  be 
eliminated,  and  the  specifications  should  call  for  two  thin  coats  of  pure 
grain-alcohol  white  shellac  evenly  applied  directly  to  the  wood  without 
showing  laps  or  brush-marks.  Each  coat  should  be  sandpapered  thoroughly. 
The  waxing  should  be  then  proceeded  with  as  specified.  When  well  done 
this  will  give  the  very  best  results.  Mahogany  and  woods  other  than  those 
mentioned  above  are  frequently  finished  in  this  manner.  It  is  not  unusual 
to  eliminate  the  shellac-coatings,  and  to  wax  as  specified,  directly  on  the 
raw  wood.    When  stain  is  necessary  the  wax  is  applied  directly  on  same. 

Pleasing  results  can  often  be  obtained  by  using  a  first-class  dead  or  flat 
varnish.  For  instance,  if  a  perfectly  dead  finish  is  required  on  open-pore 
surfaces,  the  stain  is  applied,  the  surface  sandpapered,  one  thin  coat  of 
shellac  applied,  the  surface  again  sandpapered  and  one  coat  of  a  good  flat 
or  dead  varnish  applied,  eliminating  the  waxing.  To  get  a  still  flatter 
effect,  the  shellac,  also,  is  eliminated.  This  process  is  not  recommended 
for  durability  but  simply  for  its  effect,  and  should  be  used  on  open-pore 
woods  only,  such  as  oak,  where  the  broken  effect  of  the  wood-surface 
destroys  the  varnish-coating  effect.  In  this  process  window-sashes  and 
sills  should  be  protected  with  a  coat  of  good  body-varnish;  when  dry  the 
gloss  can  be  removed  by  rubbing. 

643.  Note  26.  Finishing  Pine  Floors,  This  specification  applies  to  white 
and  yellow  pine  and  also  to  maple.  If  this  class  of  flooring  is  required  to 
be  stained,  the  specifications  instead  of  requiring  shellac  should  require  ont 
coat  consisting  of  25  per  cent  of  linseed-oil  and  75  per  cent  of  turpentine, 
the  surface  being  sandpapered  and  all  imperfections  being  closed  up.  One 
coat  of  stain,  consisting  of  40  per  cent  of  Hnseed-oil  and  60  per  cent  of 
turpentine,  evenly  brushed  into  the  wood,  and  of  the  required  color,  is  to  be 
applied.    This  is  to  be  followed  with  varnish  as  specified. 
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The  so-called  'liquid  fillers/'  that  is,  prepared  fillers,  sometimes  used  to 
coat  over  the  surface,  and  permitted  to  remain  there  without  being  rubbed 
off,  should  never  be  used,  for  the  reason  that  they  do  not  dry  thoroughly 
throughout  Many  of  them,  also,  have  a  tendency  to  discolor  the  wood, 
especially  when  they  begin  to  bleach  out  by  reason  of  age,  etc 

The  reason  for  going  over  this  work  with  a  very  thin  coating  of  oil  and 
turpentine  is,  that  if  the  stain  were  applied  directly  to  the  wood  the  result 
would  be  a  clouded  or  mottled  surface,  owing  to  the  natural  tendencies  of 
these  woods  to  absorb  more  in  one  spot  than  in  another.  Very  little  if 
any  stain  should  be  left  on  the  surface.  It  should  be  absorbed  tmiformly 
by  the  wood,  and  be  thoroughly  dry  before  the  application  of  the  varnish- 
coatings. 

Where  a  dull  finish  is  required,  the  specifications  should  call  for  rubbing 
lightly  with  oil  and  pumice-stone  to  a  dull  finish.  A  dull  or  flat  varnish 
should  never  be  used  on  floors. 

644.  Note  ay.  Varnish-Finish  for  Hardwood  Floors.  Very  frequently 
color  desired  for  these  floors  can  be  obtained  by  adding  necessary  coloring 
matter  to  the  filler.  The  color  of  the  shellac  (white  or  orange)  should  be 
determined  by  the  color  required. 

If  a  flat  finish  is  desired,  the  specifications  should  call  for  rubbing  with 
oil  and  pumice-stone  to  an  even,  dull  surface.  A  dull-rubbed  surface  does 
not  show  surface-scratches  or  abrasions  as  readily  as  a  bright,  varnish- 
gloss.  Under  no  circumstances  should  a  flat  or  "dead"  varnish  be  used  to 
obtain  this  result 

For  first-class  results  the  shellac-coating  may  be  eliminated  and  one  ad- 
ditional coat  of  varnish  substituted.  It  is  very  essential  for  the  best  results 
that  each  coat  be  thoroughly  dry  before  another  is  applied. 

This  style  of  finish  is  suitable  for  residences;  but  proper  care  must  be 
taken  that  the  surface  be  not  abused,  as,  at  best,  a  varnished  floor-surface 
is  not  a  very  permanent  one. 

645.  Note  98.  Wax-Finish  for  Hardwood  Floors.  This  specification 
applies  to  practically  every  class  of  flooring-woods  and  produces  splendid 
results  as  a  wax-finish.  It  is  easily  cared  for  by  simply  going  over  the  sur- 
face lightly  with  turpentine,  removing  any  surface-dirt  or  imperfections,  and 
afterwards  repolishing  with  one  coat  of  wax  as  specified.  Special  care  of 
the  floor  should  be  taken  in  front  of  the  different  doorways,  as  these  parts 
receive  the  greatest  amount  of  wear. 

The  whole  secret  of  the  success  in  obtaining  a  thoroughly  practical 
waxed-floor  finish  is  the  recognition  of  the  necessity  of  using  some  well- 
known,  eflicient  floor-wax.  Each  coat  should  be  thoroughly  hardened  by  the 
friction  caused  by  good,  honest,  hard  rubbing. 

This  manner  of  finishing,  as  specified,  while  producing  the  best-appearing 
wax-finished  floor,  has,  also,  a  "slippery"  surface,  often  cited  as  an  objection. 
To  remove,  in  a  large  measure,  this  objection  the  coat  of  shellac  should 
be  omitted  from  the  specifications. 

For  dancing  or  ball-room  floors,  the  two  coats  of  wax  should  be  applied 
directly  to  the  wood.  The  wax  must  be  good  and  the  rubbing  hard,  allowing 
two  days  between  coats. 
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Tables  and  Data  Relating  to  the 
Strength  of  Materials. 


The  following  data  and  tables  are  given  for  the  benefit  of  those 
readers  who  may  not  have  at  hand  a  special  work  treating  of  these 
subjects.  They  are  based  generally  upon  the  formulas  and  unit 
stresses  given  in  the  author's  "Architects'  and  Builders'  Pocket- 
Book." 

I.     THE  STRENGTH  OF  WCXDDEN  BEAMS. 

Wooden  beams  are  almost  invariably  square  or  rectangular- 
shaped  timbers,  and  that  shape  only  is  usually  considered  in  the 
rules  and  formulas  *  for  the  strength  of  beams.  These  should  be 
of  such  section  that  the  maximum  fiber-stress  due  to  transverse 
bending,  the  maximum  horizontal  shear,  and  the  compression 
across  the  grain  at  the  end-bearings,  do  not  exceed  the  allowable 
unit  stresses  as  set  forth  in  Table  XXXVI. 

Beams  should  be  braced  laterally  to  prevent  buckling  when 
the  ratio  of  length  to  breadth  exceeds  twenty,  or  designed  with  a 
reduced  fiber-stress  from  that  allowable,  where  this  ratio  is  exceeded. 
The  percentage  of  reduction  should  be  as  follows: 

Ratio  of  length  to  width 20to30d0to4040to5050to60 

Percentage  of  reduction 25  34  42  50 

It  is  also  important  that  beams  carry  the  load  without  deflecting, 
beyond  a  limit  fixed  by  the  use  to  which  the  structure  is  applied;' 
this  limit  is  generally  taken  at  one-thirtieth  of  an  inch  per  foot  of. 
span  for  plastered  ceilings. 

(i)   The  Value  of  the  Constant,  A.  . 

The  letter  A  in  the  formulas  *  for  the  strength  of  beams  denotes, 
the  safe  load  for  a  unit  beam  one  inch  square  and  one  foot  span, 
loaded  at  the  center.  This  is  also  one-eighteenth  of  the  permissible 
fiber-stress  in  pounds  per  square  inch.     The  following  are  the 


^Por  the  formulas  used  for  determining  the  ■trength  or  safe  loads  for  beams  see  the  "Arciii* 
tecta'  and  Builders'  Podtet-Book/'  by  P.  B.  Kidder. 
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values  of  A,  which  are  obtained  by  dividing  by  eighteen  the  unit 
stresses  for  transverse  bending  as  recommended  and  those  given 
in  the  Building  Laws  of  New  York,  Chicago,  Baltimore,  Boston, 
Cincinnati,  District  of  Columbia  and  the  Board  of  Fire  Under- 
writers. 

TABLE  XIL 

Values  of  A*  in  Pounds  per  Square  Inch.    Coefficients 
Recommended  for  Iron,  Steel  and  Wooden  Beams. 


Materials. 

New  Yorkt. 

Chicago. 

Baltimore. 

Boston. 

R  errommended . 

Cast  iron 

167 
667 
889 

67 
44 
44 

33 
44 

56 

167 
667 
889 

72 
44 
44 

33 

■   ■ 

67 

167 
667 
889 

100 
56 
75 

83 

167 

667 
889 

83 
56 
66 

■  • 
•  • 

56 

167 
667 
889 

67 
39 
39 
33 
44 
67 

Wrought  iron 

Sted 

• 

Yellow  pine 

White  pine 

Spruce. 

Hemlock 

Chestnut 

Oak 

*These  values  of  A  are  the  nearest  whole  numbers,  discarding  fractions. 

For  safe  allowable  working  unit  fiber-stresses  for  other  woods,  see  Table  XXXVI.  Prom 
theae  values  A  may  be  determined  by  dividing  them  by  18.  See  Table  XXXVII  for  other  stresses 
for  woods  taken  from  various  building  laws. 

t  Values  of  A  for  New  York,  Qndnnati,  District  of  Columbia  and  the  Board  of  Fire  Under- 
writars  are  about  identical. 

TABLE  XIII. 
Values  of  >l*  in  Pounds  per  Square  Inch.    Coefficients 
Recommended  for  Stone  and  Concrete  Beams. 


Materials. 

Values  of  A . 

Materials. 

Values  of  i4. 

Granite  ....      

10 
8 
7 
6 

Bluestone   

17 

22 
1.7 
1.1 

Limestone  ........  r ...  r  r  r ..  t  - 

SUte    

Marble 

Concrete,    1:2:4 

Concrete.    1 :2:5 

*Values  of  A  for  stone  beams  as  recommended  are  identical  with  values  allowed  by  the  Build- 
ing Laws  of  New  York  and  the  Board  of  Fire  Underwriters. 

For  temporary  structures  the  above  recommended  values  of  A  may  be  increased  30  per  cent. 


2.   THE  RELATIVE    STRENGTHS    OF    BEAMS    OF    REC- 
TANGULAR CROSS-SECTION. 

The  relative  strength  of  rectangular  beams  in  diifferent  cases  is 
as  given  in  the  following  table: 
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TABLE  XIV. 
Relative  Strengths  of  Beams. 


Kinds  of  supports  and  manner  of  loading. 


Relative  strengths. 


Beams  supported  at  both  ends: 

Load  uniformly  distributed 

Concentrated  load  at  center 

one-third  the  span , 

one-fourth  * 

one-fifth      • 

one-sixth     * 

one- seventh" 

one-eighth  * 

one-ninth    * 

one-tenth    *  , 

Beams  fixed  at  one  end.    Cantilever  beams: 

Beams  fixed  at  one  end,  and  loaded  with  a  uniformly  distributed  load . 

Beams  fixed  at  one  end,  and  loaded  at  the  other 

Beams  fixed  at  both  ends.    Restrained  beams: 

Beams  fixed  at  both  ends,  and  loaded  at  the  center 

Beams  fixed  at  both  ends,  and  loaded  with  distributed  load 


1 
1/2 

0/16 

2/3 
25/32 

9/10 
49/48 

8/7 
81/64 
25/18 

1/4 
1/8 

1 


These  facts  are  true,  also,  of  beams  of  any  form  of  uniform 
cross-section. 

When  a  beam  of  square  cross-section  is  supported  on  its  edge, 
instead  of  on  its  side,  that  is,  when  its  diagonal  is  vertical,  it  will 
bear  about  seven-tenths  as  great  a  breaking-load  as  it  will  bear 
when  it  is  placed  in  the  latter  position. 

To  find  from  the  tables  the  safe  center-load  of  a  given  beam, 
first  find  the  safe  distributed  load  as  in  Example  2,  page  816,  and 
divide  it  by  2.  To  find  the  safe  load  when  concentrated  at  some 
other  point  than  the  center,  first  find  the  safe  distributed  load 
for  the  given  span,  and  divide  by  the  factor  of  relative  strength 
given  in  Table  XIV.  To  find  the  size  erf  beam  to  support  a  given 
concentrated  load,  mtdtiply  the  given  load  by  the  factor  of  rela- 
tive strength  corresponding  with  the  position  of  the  load  as  given 
in  Table  XIV,  and  then  proceed  as  in  Example  3,  page  816. 


3.   NOMINAL  AND   STANDARD  SIZE;S  OF  BEAMS. 

The  tables  may  be  used  for  beams  that  measure  less  than  the 
nominal  dimensions.  Dressed  beams,  and  in  many  localities  floor- 
joists  carried  in  stock,  are  more  or  less  ** scant"  of  the  nominal 
dimensions,  and  for  such  joists  a  reduction  in  the  safe  load  must  be 
made  to  correspond  to  the  reduction  in  size.  The  dressed  sizes  are 
generally  yi  of  an  inch  scant  up  to  4  inches  in  breadth,  above  which 
they  are  }i  an  inch  scant;  while  in  depth  they  are  all  generally 
]/i  an  inch  less  than  the  nominal  sizes.  The  safe  loads  may  be 
obtained  by  multipljdng  the  safe  load  as  given  in  the  Tables  XVI 
to  XXIV  by  the  factors  given  in  the  following  table: 
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TABLE  XV. 

Conversion-Factors  for  Beams  op  Commercial  or 

Standard  Sizes. 


Croia  ■ection  of  beams  in  inches. 

Factors. 

Cross-section  of  beams  in  inches. 

Factors. 

1NX5« 

1.47  • 

IHXllH 

i.ei 

2HX5H 

2.31 

2KX11H 

2.68 

1HX6H 

1.51 

1NX13H 

l.«3 

2HX6H 

2.51 

2HX13H 

2.56 

1HX7H 

1.54 

1HX15H 

1.66 

2HX7« 

2.42 

2HX15^ 

2.68 

1HX9H 

1.58 

1WX17« 

1.65 

2WX9H 

2.48 

2HX17« 

2.60 

(i)    Example  of  the  Use  of  Table  XV. 

Example  1.  What  is  the  safe  load  for  a  2^  by  13H-inch  spruce  beam, 
18-foot  span? 

Solution.  From  Table  XVII  wc  find  the  safe  load  for  a  1  by  14-inch  beam 
to  be  847  pounds.  Multiplying  this  by  2.56  we  have  2,178  pounds  as  the  safe 
distributed  load  for  a  beam  2^  by  13  J^  inches  in  cross-section.  For  a  full, 
''nominal"  size,  3  by  14-inch,  the  ssie  load  would  be  2,541  pounds. 

4.  STONE  AND  CONCRETE  BEAMS. 

(i )  Stone  Beams.  The  same  formulas  apply  to  stone  and  wooden 
beams  of  rectangular  cross-section,  the  coefficients  recommended  in 
Table  XIII  being  used.  Sandstone  beams  should  never  be  subjected 
to  any  heavy  loads,  and  when  used  as  lintels  they  should  be  sup- 
ported by  steel  beams  or  relieved  by  brick  arches  over  or  back  of 
them. 

(2)  Concrete  Beams.  These  are  generally  reinforced  by  steel 
rods,  but  when  used  without  reinforcement,  the  coefficient  A  given 
in  the  table  is  recommended. 

5.   EXPLANATION  OF  TABLES  XVI  TO  XXIV  FOR  THE 
STRENGTH  AND  STIFFNESS  OF   WOODEN 

BEAMS. 

Tables  for  the  strength  and  stiffness  of  wooden  beams  i  inch  in 
breadth  are  given  on  the  following  pages.  To  find  the  strength, 
or  safe  load,  for  any  other  breadth,  multiply  the  proper  tabular 
value  in  pounds  by  the  breadth  of  the  beam  in  inches. 

To  obtain  the  required  breadth  for  any  given  load,  divide  the 
load  in  pounds  by  the  proper  tabular  value. 

In  the  heading  of  the  tables,  the  maximum  fiber-stress  5  is  given, 
and  the  corresponding  values  of  yl,  so  that  designers  who  prefer 
to  use  for  any  wood  a  value  different  from  that  recommended, 
need  only  to  look  up  the  table  based  on  the  value  they  wish  to 
use.  For  certain  cases  and  in  some  cities,  for  example,  the  building 
laws  specify  1300,  1500  and  1800  pounds  per  square  inch  as  the 
values  of  5  to  be  used  for  yellow  pine.  Tables  XXII,  XXIII,  and 
XXIV,  based  upon  these  values,  have  therefore  been  added. 
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Since  the  resistance  of  timber  to  shearing  is  small  when  compared 
to  its  resistance  to  tension  and  compression,  the  safe  load  a  wooden 
beam  of  short  span  can  carry  is  governed,  not  by  its  resistance  to 
cross-breaking,  but  by  its  resistance  to  shear  along  its  neutral  axis. 
Wooden  beams  and  joists,  therefore,  should  be  dimensioned  to  safely 
withstand  this  shearing  action. 

The  ratio  of  the  shearing-strength  to  that  of  transverse  rup- 
ture is  not. exactly  the  same  for  different  kinds  of  wood;  but  for 
practical  use  and  in  the  tables  it  has  been  assumed  to  be  M«  of  the 
working  fiber-stress.  As  it  can  be  shown  *  that  the  ratio  to  the 
span  to  the  depth  of  a  rectangular  beam,  uniformly  loaded,  is  di- 
rectly proportional  to  its  cross-breaking  stress  and  shearing  working- 
stress,  the  loads  in  the  tables  are  figured  for  the  permissible  fiber- 
stress,  when  the  length  of  span  is  twelve  or  more  times  the  depth  of 
the  beam;  while  for  shorter  lengths  the  loads  are  governed  by  the 
shear. 

To  determine  the  safe  load  on  beams  that  will  not  cause  a 
deflection  exceeding  one  three-hundred-and-sixtieth  of  the  span, 
values  have  been  placed  directly  under  the  values  for  the  safe 
loads  for  strength.  These  values  are  based  on  the  modulus  of 
elasticity,  £,  given  for  each  table. 

The  formula  for  flexure  used  in  determining  the  safe,  uniformly 
distributed  loads  in  the  tables  is 

M= — =— ^-  =-E~      Hence,   W= — xr~  ,  m  which 
coo  6L 

I  is  the  span  in  inches.      The  formula  for  shear  is 


AbdSs 


3 

and  the  formula  for  deflection  is 

EcP 
^'^Rioo/^  ,  in  which  /  is  the  span  in  feet. 

In  these  formulas 

W=the  total  load  in  pounds,  uniformly  distributed; 

6  =  the  breadth  in  inches; 

d  =  the  depth  in  inches; 

Z  =  the  span  (in  inches  in  the  flexure-formula  and  in  feet  in  the 
deflection-formula) ; 

S=the  maximum  fiber-stress  in  pounds  per  square  inch; 

5 
S,  =  the  horizontal  shearing-stress  along  the  neutral  axis,  and=— ; 

jE  =  modtdus  of  elasticity. 


*See  page  55,  "Materials  of  Construction."  by  J.  B.  Jolmaon. 
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(i)   Examples  of  the  Use  of  Tables  for  the  Strength  and  Stiffness 

of  Wooden  Beams. 

Example  2.  What  is  the  uniformly  distributed  load,  corresponding  to  a 
fiber-stress  of  1,200  pounds  per  square  indi,  for  an  8  by  14-inch  southern  long-leaf 
pine  beam,  supported  at  both  ends  and  having  a  clear  space  of  24  feet? 

Solution.  In  Table  XXI  the  safe  load  for  this  depth  and  span  for  a  1-inch 
thickness  or  width  is  1,090  pounds.  Therefore,  1,090  pounds  X  8  »=  8,720 
pounds,  the  total  safe  load  for  the  beam.  If  the  deflection  of  this  beam  is  not  to 
exceed  %60  of  the  span,  the  safe  load  for  a  1-inch  thickness  should  not  exceed 
882  pounds.  Then  882  pounds  X  8 » 7,056  pounds,  will  be  the  maximum  load 
to  be  used  in  this  case. 

Example  3.  What  should  be  the  size  of  a  Douglas  fir  beam,  with  a  dear 
span  of  18  feet,  to  safely  carry  a  distributed  load  of  6,400  pounds? 

Solution.  From  Table  XIX,  for  Douglas  fir  beams,  we  find  that  a  beam  12 
inches  deep  and  1  inch  thick,  with  an  18-foot  span,  will  safely  support  711  pounds; 
and  dividing  the  load,  6,400  pounds,  by  711,  we  have  9.0  for  the  breadth  of  the 
beam  in  inches.  Hence  the  beam  should  be  9  by  12  inches  in  cross-section,  to 
carry  a  distributed  load  of  6,400  pounds  when  the  span  is  18  feet.  As  the  deflec- 
tion-load of  593  pounds  may  be  increased  60  per  cent  for  Douglas  fir,  the  beam 
will  be  safe  for  deflection;  if,  however,  the  beam  is  to  be  of  cypress,  593  must 
be  used  in  place  of  711,  in  order  to  determine  its  breadth,  which  in  that  case 
would  be  11  inches.  Hence  the  cypress  beam  should  be  11  by  12  inches  in  cross- 
section. 

6.   TABLES*  OF  THE  STRENGTH  AND  STIFFNESS 

OF  WOODEN  BEAMS. 

The  following  tables,  from  XVI  to  XXIV,  give  the  safe  load  in 
pounds,  uniformly  distributed,  for  rectangular  wooden  beams,  one 
inch  wide  and  supported  at  each  end.  A  general  explanation  is 
given  in  the  preceding  subdivision,  s,  of  the  Appendix.  The 
maximtmi  fiber-stress,  S,  varies  from  6oo  pounds  per  square  inch 
in  Table  XVI,  to  i8oo  in  Table  XXIV.  These  values  and  the 
values  for  A  (see  subdivision  i)  and  £,  the  modulus  of  elasticity, 
and  also  the  different  woods  for  which  the  loads  are  recommended, 
are  given  at  the  head  of  each  table. 

Loads  above  the  heavy,  zigzag  black  lines  are  calculated  for 
resistance  to  shear.  Where  two  loads  are  given,  the  upper  load  is 
calculated  for  strength  and  the  lower  load  for  a  deflection  not 
exceeding  %6o  of  the  span. 

The  loads  given  in  Tables  XVI  to  XXIV  for  the  fiber-stresses 
are  correct;  but  for  convenience  in  using  the  tables,  each  figure  in 
the  imits  column  may  be  made  a  cypher,  and  each  figure  in  the 
tens  column  may  be  increased  by  one  when  the  unit  figure  is  six 
or  greater.    Thus,  505  would  be  500,  506  would  be  510,  etc. 


*The  Editor  is  indebted  to  Mr.  P.  H.  Kindl.  Associate  Editor  for  Chapters  XVI  and  XVII 
of  Kidder's  "Architects'  and  Builders'  Pocket-Book."  for  the  complete  refiffuring  of  Tables  XVI 
to  XXIV. 
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TABLE  XVI. 
Sapb  Distributed  Loads  in  Pounds  for  Wooden  Beams. 

Hemlock.     5»600  lbs.  per  sq.  in.    A  —33.    £»  900,000  lbs.  per  sq.  in. 


Span 

of  beam 

in 

feet. 


6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


The  first  horixontal  line  gives  the  depth  of  beam  in  inches. 
Loads  are  for  beams  one  inch  wide. 


6 


400 


343 


300 


266 


\  240  / 

I  199  / 

r  200  \ 

\  166  / 

I  143  / 


240 
240 
218 
199 
200 
166 
185 
143 
171 
122 
160 
107 
160 
94 


8 

533 
533 
533 
474 
427 
388 
356 

828 

805 
291 
285 
253 
267 
222 
251 
197 
237 
175 
225 
157 
213 
142 


10 

666 
666 
666 
666 
666 
605 
555 
513 
477 
445 

417 

392 
384 
371 
343 
351 
308 
333 
277 
317 
252 
308 
229 
290 
211 
278 
193 


■  ■  ■  • 
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TABLE  XVII. 
Safe  Distributed  Loads  in  Pounds  for  Wooden  Beams. 

White  Pine,  Spruce  and  Eastern  Fir.    5=700  lbs.  per  sq.  in.    ^4  -"39. 

E  » 1,000,000  lbs.  per  sq.  in. 


Spaa 

of  beam 

in 

feet. 


6 
7 
8 
0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2i 
25 
26 
27 
28 
20 
30 


The  first  boruontal  line  gives  the  depth  of  beam  in  inches. 
Loads  are  for  beams  one  inch  wide. 


6 


467 


400 
350 
311 


280 
267 
255 
221 
233 
185 
216 
158 
200 
136 
187 
119 
175 
104 


8 


I  267  / 
r  255  \ 
I   221   / 

/ 
\ 


622 


622 


622 


552 
497 
453 

415 

383 
374 
356 
323 
332 
281 
311 
247 
293 
219 
270 
195 
262 
175 


10 


777 
777 
777 
777 
777 


707 
648 
508 
556 

518 

486 
482 
458 
427 
433 
381 
410 
342 
380 
SOS 
370 
280 
354 
255 
33S 
234 
321 
215 


12 


933 
933 
933 
933 
933 
933 
933 


861 
800 
747 
700 
660 
623 

500 

500 
534 
53i 
484 
509 
441 
487 
403 
468 
371 
4  48 
312 
430 
310 
415 
293 
400 
272 


14 


1.089 
1.089 
1.080 
1.089 
1.089 
1.089 
1.089 
1.089 
1.089 


1.016 
952 
807 
847 
802 
762 
726 

692 

662 
641 
635 
588 
010 
512 
586 
502 
565 
405 
544 
432 
526 
403 
508 
377 


16 


1.244 


1.244 


1.244 


1.244 


1.244 


1.244 


1.244 


1.244 


1.244 


1.244 


1.244 


1.172 
1.107 
1.048 

996 

948 

866 
830 

796 

766 
750 
738  \ 
095  / 
711  \ 
646  / 
687 
602 
664 
562 


18 


1.400 


1.400 


1.400 


1.400 


1.400 


1.400 


1.400 


1.400 


1.400 


1.400 


1,400 


1.400 


1.400 


1.326 
1.260 
1.200 
1,144 
1.096 
1.050 
1.008 

970 

934 

900 

868-  \ 
856  / 
840 
800 
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TABLE  XVIII. 
Safe  Distributed  Loads  in  Pounds  for  Wooden  Beams. 

California  Redwood  and  Cedar.    5=750  lbs.  per  sq.  in.    A  =41.7 

E = 700,000  lbs.  per  sq.  in. 


Span 

of  beam 

in 

feet. 


6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 


The  first  horisontal  line  gives  the  depth  of  beam  in  inches. 
Loads  are  for  beams  one  inch  wide. 


500 


I   382   / 


428 
382 
375 
292 
333 
231 
300 
187 
274 
155 
250 
130 
231 
110 
214 
95 


8 


667 


667 


667 


592 
547 
533 
443 
485 
366 
445 
307 
410 
282 
382 
226 
356 
107 
833 
173 


10 


833 


833 


833 


833 


833 


757 
714 
641 
600 
641 
512 
505 
441 
556 
384 
521 
337 
491 
299 
463 
267 
439 
240 


12 


1.000 
1.000 
1.000 
1.000 
1,000 
1.000 
1.000 


023 
885 
857 
763 
800 
665 
750 
584 
706 
518 
667 
462 
632 
414 
600 
374 
572 
339 
547 
309 
522 
282 
500 
260 
480 
239 
463 
221 
444 
205 
428 
190 


14 


1,167 
1.167 
1.167 
1.167 
1.167 
1.167 
1.167 
1.167 
1,167 


16 


1.088 
1.060 
1.020 
929 
961 
822 
908 
733 
860 
658 
816 
594 
778 
526 
742 
491 
7!0 
448 
681 
412 
053 
380 
628 
351 
605 
326 
583 
203 
563 
282 
544 
264 


.1.333 
1.333 
1.333 
1.333 
1,333 
1333 
1,333 
1,383 
1,333 
1.333 
1.333 


1.254 

1.223 

1.184 

1.090 

1.122 

982 

1.066 

886 

1.016 

803 

970 

732 

928 

670 

890 

616 

854 

567 

821 

525 

791 

487 

762 

452 

736 

421 

712 

393 


18 


1.500 
1.500 
1.500 
1,500 
1,600 
1,500 
1,500 
1,500 
1.500 
1,500 
1,500 
1.500 
1.500 
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TABLE  XIX. 
Safb  Distributed  Loads  in  Pounds  for  Wooden  Bbahs. 

Douglas  Pir,  Norway  Pine,  Cypress  and  Chestnut.    S  —800  lbs.  per  sq.  in.  A  "4H 

£-900,000  lbs.  per  sq.  in.     For  safe  deflecting  loads  for  Douglas  Pir,  add 

60  per  cent,  and  for  Norway  Pine,  20  per  cent,  to  the  values  given. 


Sp». 

Tluflntho 

litonUl  Una  giyea  tba  depth  o[  beui 

inioch«. 

»rbum 

Lool*  « lor  b«m.  one  inch  rtd.. 

0 

« 

10 

12 

M 

,0 

18 

" 

5M 

889 

1.000 

1.244 

1.244 

..422 
1.422 

1.600 

i.eoo 

4ii7 

s 

)      «»      1 
1      Z»G 

711 

889 

1.06« 

1.241 

1.422 

1,600 
1.600 

032 

11 

)      320 
I      UO 
1      2fll 

Z  1 

517      1 
470      ) 

889 

1.00« 

1,244 

1.422 

1.600 
1,000 

809 

13 

{       .00 
1      Z 

395   ; 

i  ; 

I.OflO 

1.244 
1.244 

I.4Z2 
1,422 

1,000 
1,000 

985 

1      23> 

107 

n 

\       122 

ZBI 

567      i 

914 

1.422 

1,600 

IS 

1       107 

2S3 

494 

^    ) 

1.101 

1.422 

1,600 

SS6 

800    1 

17 

1        M 

222 

I       m 
\      197 

384 

750    1 
7S4    1 

ees  ) 

1,025 

1,600 

1,338 

10 

\      17J 
{      Z 

4SS 

593 

074 

9.4     } 

1.204 

1.600 

1.517 

20 

f      284 

871 

1.133    1 

1       142 

277 

480 

11 

1.084    1 

1.372 

\       252 

435 

882 

1,032    ) 

22 

1      239 

582 

^ 

'■«! } 

1,300 

23 

/      387 

M7 

758 

990 

1,253    I 

1.21S    / 

24 

J      371 

848 

1.200    1 

\       1B3 

334 

529 

790 

I.IM    1 

25 

087 

728 

.:037    / 

20 

(        492 

070 

tm 

'960    ) 

27 

(        *" 

843 

1X168    1 

1        204 

418 

02S 

890    J 

28 

/        457 

1.028    1 

827    ) 

29 

770    / 

30 

681 

759 

880    1 

■ 

500 
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TABLE  XX. 
Safe  Distributed  Loads  in  Pounds  For  Wooden  Beams. 

Short-Leaf  Yellow  Pine.    5  =  1,000  lbs.  per  sq.  in.    A  =55.6.    E  =  1,200,000  lbs. 

per  sq.  in. 


Span 

The  first  horizontal  line  gives  the  depth  of  beara 

I  in  inches. 

of  beam 
in 

Loads  arc  for  beams  one 

'  inch  wide. 

feet. 

1 
1 

• 

6    - 

8 

10 

12 

14 

16 

IS 

6      • 

667 

889 
8S9 

l.lil 
l.lll 

1.333 
1,333 

1.550 
1.556 

1.77S 
1.778 

2.000 
2.000 

7 

571 

B          { 

600      \ 
500      i 
444      \ 
395      ] 

as9 

l.Ul 
1.111 

1.333 
1.333 

1.550 
1.556 

1.778 
1.778 

2.000 
2.000 

790 

,0          { 

»          { 

400      1 
320      / 
364 
2Go 

711 

647       \ 
028      1 

1.111 

1.333 
1,333 

1,556 
1.550 

1.778 
1,778 

2.000 
2.000 

1.010 

n       { 

.3          ( 

333 
222 
308 
190 

593      \ 
527      / 
547      \ 
449      ) 

926 
855 

1.333 

1,556 

1.778 
1,778 

2,000 
2,000 

1.231 

14 

«     ( 

286 
163 
267 
143 

508 
388 
471 
337 

794    \ 
757    / 
741    1 
659    / 

1.143 
1,067 

1.556 

1.778 
1.778 

2,000 
2,000 

1.452 

17 

250 
125 

/ 
\ 

445 
296 
419 
263 

695 
578 
651 
512 

1.000    \ 

1,000    / 

942    \ 

886    / 

1.361 
1.281 

1.778 

2,000 
2.000 

1.674 

18 
10 

1 

{ 

395 
234 
374 
210 

618 
457 
585 
410 

890    \ 
790    J 
843 
710 

1.210 

1.146    \ 
1,126    / 

1.581 
1,498 

2.000 

1.895 

20 

{ 

356 
190 

556 
370 

800 
641 

1,088    \ 
1.016    / 

1,423 

1,800 

21 

( 

528 
336 

762 
581 

1,307    1 
922    J 

1.355 

1.714 

22 

{ 

505 
306 

727 
529 

990 
841 

1,293    \ 
1.254    / 

1.636 

23 

{ 

483 
281 

696 

484 

947 
770 

1.237    \ 
1,147    / 

1.565 

24 

{ 

463 

067 

908 

1.186 

1.500 

258 

445 

708 

1.053 

1.500 

25 

640 

871 

1,138 

1.440 

•    •   .   . 

410 

650 

972 

1.384 

26 

615 

838 

1,094 

1.385 

•   >   »   • 

380 

602  . 

900 

1.280 

27 

{ 

593 

807 

1.054 

1.334 

•   •   •   • 

352 

558 

834 

1.186 

28 

-._^ 

•   •   ■    « 

{ 

572 
327 

778 
518 

1,016 
776 

1.286 
1.103 

' 

29 

f        751 

1          982 

1.241 

\ 

•   •   ■   • 

•  •  •  . 

\         725 

1.027 

30 

•    •    •   • 

« 

u    "Z 

\         949 
\         674 

1,200 
\         960 

\ 

^ 

822 
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TABLE  XXI. 
Safe  Distributed  Loads  in  Pounds  For  Wooden  Beams. 

White  Oak  and  Southern  Long-Leaf  Pine.*    5-1,200  lbs.  per  sq.  in.    A  «66.7. 

£-1,500,000  lbs.  per  sq.  in. 


Span 

Tb«  6nt  horisontal  line 

gives  the  depth  of  beam 

in  inches. 

, 

of  beam 

in 

feeL 

Loads  are  for  beams  one  inch  wide. 

; 

6 

8 

10 

12 

14 

16 

18 

6 
7 

800 

1.067 
1.067 

1.333 
1.333 

• 

1.600 
1.600 

1867 
1867 

2.133 
2.133 

2.400 
2.400 

680 

8 
0 

600 

533      1 
495      / 

1.067 

1.333 
1.333 

1.600 
1.600 

1.867 
1.867 

2.133 
2.133 

2.400 
2.400 

949 

10 
11 

480      \ 
400      / 
437      \ 
332      / 

854 

776 

1.333 

1.600 
1,600 

1.867 
1,867 

2.133 
2.133 

2.400 
2.400 

1.212 

12 
13 

400 
278 
369 
247 

711    1 
65$    i 
G5G    \ 
561    / 

1.111 
1.026 

1.600 

1.867 
1.867 

2.133 
2.133 

2.400 
2.400 

1.477 

14 
15 

I 

343 
204 
320 
179 

GIO 
485 
569 
422 

053    \ 
946    / 
890    1 
824    / 

1.371 
1.280 

1.867 

2.133 
2.133 

2.400 
2.403 

1.741 

16 
17 

> 
1 

300 
156 

533 
371 

/        502 
\        320 

834    \ 
724    / 
785 
042 

1.200 

1.130    \ 
I.IOS    / 

1.033 
1,537 

2.133 

2.400 
2.400 

2.009 

18 
19 

I        474 
\        293 
r        449 
\        263 

741 
572 
702 
513 

1.067    \ 
990    / 

1.010    \ 
886    / 

1.452 
1.373 

1.898 
1,795 

2.400 

2.274 

20 

r        426 
I        237 

666 
462 

960 
802 

1.306    \ 
1.272    / 

1.708 

2.160 

21 

/        634 
\        420 

914 
726 

1,245    \ 
1.154    / 

1.626 

2.057 

22 

/        606 
\        383 

872 
662 

1.188    \ 
1,051    / 

1.552 

1.968 

23 

f        579 
I        351 

835 
605 

1.136 
962 

1,484    \ 
1,435    i 

1.878 

24 

■  •  ■   • 

f        556 
I        322 

800 
557 

1.090 
882 

1.423    \ 
1.318    / 

1.800 

25 

768 
513 

1.045 
813 

1,366 
1.215 

1,728    1 
1.727    / 

26 

{ 

738 
473 

1.006 
753 

1.313 
1.125 

1.662    \ 
1.506    / 

27 

{ 

711 
440 

909 

608 

1.265 
1.043 

1.600    \ 
1.480    / 

28 

{ 

686 
410 

933 
648 

1.218 
970 

1.543    \ 
1.377    / 

29 

•  •  ■  • 

/        902 
1        005 

1.178 
903 

1.480    \ 
1.284    J 

30 

^ 

■    a    •    • 

1        871 
y        666 

1.138 
843 

1.440    \ 
1.200    / 

*Por  tables  of  safe  loads  corresponding  to  fiber-stresses  of  1.300.  1.500  and  1,800  pounds  per 
square  inch,  see  Tables  XXII.  XXIII  and  XXIV.  respectivel/. 
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TABLE  XXII. 
Safe  Distributed  Loads  in  Pounds  For  Wooden  Beams. 

5  >  1,300  lbs.  per  sq.  in.    A  -72.2. 


Span 

The  first  horizoata)  line  gives  the  depth  of  beam  In  inches. 

of  beam 

in 

feet. 

Loads  are  for  beams  one  inch  wide. 

• 

6 

8 

10 

12 

14 

16 

IS 

6 
7 

867 

1,155 
1.155 

1.441 
1.444 

1.733 
1.733 

2.022 
2.022 

2.311 
2,311 

2.600 
2.600 

1 

713 

8 
9 

630 
567 

1  155 

1.444 
1,441 

1.733 
1.733 

2,022 
2.022 

2,311 
2.311 

• 

^.600 
2,600 

■ 

1.027 

10 
11 

520 
473 

924 
840 

1.444 

1.733 
1.733 

2.022 
2.022 

2,311 
2.311 

2,600 
2.600 

1.311 

12 
13 

433 
400 

770 
711 

1,200 
1,111 

1.733 

2.022 
2,022 

2,311 
2.311 

2.600 
2,600 

1,600 

14 
15 

371 
347 

660 
616 

1.032 
963 

1.486 
1,387 

2.022 

2,311 
2.311 

2,600 
2.600 

1.887 

■ 

16 
17 

325 

«  •  •  • 

678 
644 

003 
819 

1.300 
1.22-1 

1.770 
1,664 

2,311 

2,600 
2,600 

1 

2,175 

13 
19 

514 
487 

802 
760 

1.156 
1.095 

1.572 
1.490 

2.064 
1,946 

2,600 

2.463 

> 

23 

462 

722 

1.040 

1,415 

1349 

2.340 

21 

638 

990 

1348 

1,761 

2.229 

22 

657 

045 

1.280 

1,681 

2,127 

• 

23 

628 

904 

1.230 

1,608 

2.036 

24 

602 

867 

1.179 

1311 

1.950 

26 

•  •  •  • 

832 

1,132 

1,479 

-     1,872 

26 

•  •  •  • 

800 

LOSS 

1.422 

1,830 

27 

.... 

770 

1.048 

1369 

1.7.J3 

28 

•  •  •  • 

743             l.On      1       1.321 

1.671 

20 

•  •  ■  « 

1          970     \      1.275 

1..U      1 

30 

•  •  •  • 

• 

\          9« 

\    i.2a2 

\       1.560      I 
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TABLE   XXIII. 
Sapb  Distributed  Loads  in  Pounds  For  Wooden  Beams. 


• 

5  =  1,500  lbs.  per  sq.  in.     A  -83.3. 

Span 
of  beam 

in 
f«et. 

The  firit  bortioncal  line  gives  the  depiti  of  beam 
Loada  ate  for  beams  one  inch  wide. 

in  iocbee. 

6 

8 

10 

12 

11 

Id 

15 

6 
7 

1.000 

1.333 
1,333 

1.067 
1,667 

2.000 
2.000 

2.333 
2.333 

2.667 
2.667 

3.00U 
3.000 

867 

8 
0 

750 
667 

1,333 

1.667 
1.667 

2.000 
2.000 

2.333 
2.333 

2.667 
2.66/ 

3.000 
3.000 

1.185 

10 
11 

600 

548 

1.067 
070 

1.667 

2.000 
2.000 

2.333 
2.333 

2.667 
2.667 

3.000 
3.000 

1,515 

12 
13 

500 
462 

800 
820 

1.300 
1^2 

2.000 

2.333 
2,333 

2.667 
2.667 

3.000 
3.000 

1.846 

14 
15 

428 

764 
712 

1.100 
1.112 

1,714 
1.600 

2.333 

2.667 
2,667 

3.000 
3.000 

2,178 

10 
17 

667 

1.042 
082 

1.500 
1,412 

2,042 
1.074 

2.667 

3.000 
3.000 

2.510 

18 
10 

026 

878 

1.334 
.      1.264 

1315 
1.720 

2.370 
2.246 

3.000 

2.842 

20 

1.200 

1.632 

2.133 

2.700 

21 

1.144 

1.556 

2.032 

2.571 

22 

1.004 

1.484 

1.040 

2.455 

23 

1.044 

1.420 

1.856 

2.348 

24 

1.000 

1,362 

1,780 

2.250 

2fi 

060 

1.306 

1.708 

2.160 

26 

026 

1.256 

1.642 

2,076 

27 

888 

1.210 

1.582 

2.000 

28 

856 

1.166 

1.524 

1.030 

29 

■   •   •    ■ 

1.126 

1.472 

1362 

30 

•   •   •    • 

1.088 

1.422 

1300 
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TABLE  XXIV. 
Safe  Distributed  Loads  in  Pounds  For  Wooden  Beams. 

5  =  1,800  lbs.  per  sq.  in.     A  =100. 


Si>an 

The  first  horizontal  line  gives  the  depth  of  beam 

in  inches. 

of  beam 

] 

Loads  are  for  beams  one  inch  wide. 

in 
feet. 

1 

6 

8 

10 

12 

U 

16 

18 

0 

7 

1.200 

1.000 
1.600 

2.000 
2.000 

2.400 
2.400 

2.800 
2.800 

3,200 
3.200 

3.600 
3.600 

1.030 

8 
9 

900 
800 

1.600 

2.000 
2.000 

2.400 
2.400 

2.800 
2.800 

3.200 
3.200 

3.600 
3.600 

1,422 

10 
11 

720 
655 

1.280 
1.164 

2.000 

2.400 
2.400 

2.800 
2.800 

3,200 
3.200 

3.600 
3.600 

1,818 

12 
13 

600 
554 

1,067 
985 

1.667 
1.539 

2.400 

2.800 
2.800 

3.200 
3.200 

3.600 
3,600 

2.215 

14 
15 

514 
480 

914 
853 

1.428 
1.333 

2.057 
1.920 

2.S0O 

3.200 
3.200 

3.600 
3,600 

2.613 

16 
17 

450 

800 
753 

1,250 
1.178 

1.800 
1.004 

2.450 
2.306 

3.200 

3,600 
3,600 

3.012 

18 
19 

711 
674 

1.111 
1.053 

1,600 
1.516 

2,178 
2.063 

2.8^14 
2,695 

3.600 

3.411 

20 

640 

1.000 

1.440 

1.960 

2.560 

3.240 

21 

•   t  •   • 

1,371 

1,867 

2,438 

3,086 

22 

•  •   *   ■ 

■   «    •   • 

1.300 

1.782 

2.327 

2,945 

23 

.... 

1.252 

1.704 

2.226 

2,817 

24 

•    •    •     a 

1.200 

1.633 

2.133 

2.700 

25 

.... 

1.152 

1.568 

2.048 

2,592 

26 

•    •    •    • 

.... 

1.108 

1.508 

1,069 

2.492 

27 

.... 

1.007 

1.452 

1.800 

2.400 

28 



.... 

1.029 

1.400 

1.829 

2.314 

29 

.... 

.... 

1.352 

1,766 

2.235 

30 

.... 

•  •  . . 

1.307 

1.707 

2.160 

1 
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7.     THE  MAXIMUM  SPANS  FOR  FLOOR  JOISTS, 
CEILING- JOISTS  AND  RAFTERS/ 

When  the  span  of  a  wooden  joist  exceeds  about  twelve  times  its 
depth  the  joist  will  usually  deflect  so  much  under  its  full,  safe  load 
that  it  will  crack  plastering  applied  on  the  under  side;  and  as  floor 
and  ceiling-joists  are  generally  used  for  spans  greater  than  twelve 
times  their  depth,  they  should  be  computed  by  the  formtdas  for 
stiffness  rather  than  by  those  for  strength. 

In  determining  the  size  of  floor-joists  the  superimposed  load  and 
the  span  are  the  two  elements  which  vary  the  most,  the  joists 
themselves  being  usually  sawed  to  regular  sizes  while  the  spacing 
on  centers  is  generally  either  12  or  16  inches.  In  tabulating  the 
sizes  of  joists  for  different  loads,  tables  giving  the  maximum  safe 
spans  are  the  most  convenient  for  general  use,  and  with  this  view 
the  following  tables  have  been  prepared,  showing  at  a  glance  the 
maximum  spans  for  which  different  sizes  of  floor  and  ceiling-joists 
should  be  used  for  different  loads  and  spacings.  It  is  believed 
that  they  will  be  found  applicable  to  most  buildings  in  which  wooden 
floor-joists  are  used. 

Knowing  the  size  of  the  room  to  be  floored  or  roofed  and  the 
purpose  for  which  it  is  to  be  used,  the  size  of  the  required  joists  can 
be  determined  at  a  glance.  Incidentally  the  tables  show  also  which 
kind  of  wood  will  be  most  economical. 

If  the  joists  must  be  of  different  lengths,  owing  to  the  irregular 
shape  of  the  room,  the  spacing  or  thickness  of  the  joists  may  be 
varied,  so  that  the  same  depth  may  be  used  throughout. 

The  only  precautions  necessary  in  the  use  of  these  tables  are  in 
regard  to  the  superimposed  loads  and  the  actual  sizes  of  the  timbers. 

The  total  loads  per  square  foot  for  which  the  maximum  spans 
have  been  computed  are  given  at  the  head  of  each  table.  The 
actual  weight  of  the  floor,  including  the  joists,  flooring,  plastering, 
deafening,  etc.,  subtracted  from  the  total  load  will  give  the  super- 
imposed load,  that  is,  the  load  which  the  floor  is  expected  to  carry. 

The  superimposed  load  to  be  assumed  for  any  given  building 
is  to  a  large  extent  a  matter  of  judgment,  as  circumstances  may 
demand  a  higher  limit  for  one  building  than  for  another,  even  of 
the  same  general  class.  In  general  the  tables  may  be  considered 
safe  for  the  classes  of  buildings  indicated  in  each  case. 


♦The  editor  is  indebted  to  Mr.  A.  T.  North,  M.  Am.  Soc.  C.  E.,  for  valuable  suggestions  and 
assistance  in  revising  this  and  other  parts  of  the  work. 


APPENDIX.  827 

In  some  localities,  framing-lumber  is  often  sawed  a  little  scant 
in  both  thickness  and  depth,  and  wherever  this  is  done  a  correspond- 
ing reduction  must  be  made  in  the  safe  span.  A  reduction  should 
also  be  made  for  any  cutting  of  the  joists  that  may  be  required. 

No  allowance  has  been  made  for  partitions,  and  when  they 
are  to  be  supported  by  the  floor-joists,  additional  joists  should  be 
used  or  the  span  reduced  according  to  the  relative  direction  or 
position  of  the  partitions  and  joists. 

Tables  XXV  to  XXIX,  inclusive,  were  computed  by  the  for- 
mula for  stiffness,  on  the  asstunption  that  the  deflection  should 
not  exceed  %o  of  an  inch  per  foot  of  span.  Tables  XXX  and 
XXXI  were  computed  by  the  formula  for  strength. . 

Tables  XXV  to  XXXI,  inclusive,  are  based  upon  practice 
recommended  by  the  editor,  and  architects  and  builders  are  ex- 
pected to  modify  them,  if  necessary,  to  meet  any  special  or  unusual 
requirements  of  building  laws. 


See  page  S89.  Uble  XXXVI. 


^Compiled  and  adapted  largely  from  recommended  unit  stresses  adopted  by  the  Association 
of  Railway  Superintendents  of  Bridges  and  Buildings,  and  by  the  American  Railway  Engineering 
Association.  The  unit  stresses  are  for  unseasoned  timber,  and  may  be  increased  30  per  cent,  for 
protected  timber  not  subjected  to  impact,  as  in  buildings. 

tThe  average  ultimate  breaking  unit  stresses  may  be  obtained  by  multiplying  the  working 
unit  stresses  by  the  factors  of  safety  at  the  top  of  columns. 

{These  and  some  other  values  are  considerably  higher  than  those  of  the  building  laws  of  many 
cities,  larger  factors  of  safety  being  used  in  many  of  the  building  laws. 
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B  UILDING'CONSTRUCTION. 


8.     TABLES  FOR  MAXIMUM  SPANS  FOR  JOISTS 

AND  RAFTERS. 


TABLE  XXV. 
Maximum  Span  for  Ceiling-Joists, 


Total  load,  20  pounds  per  square  foot. 


Sixes 
of 

joists. 

Dist. 

on 

centers. 

Hemlock. 
♦£=000,000. 

Spruce, 

white  pine. 

£=1,000,000. 

Norway 

pine. 

E=1.100.000. 

Southern 
ihort-leaf 
yellow  pine. 
£=1.200.000. 

Southern 

long-leaf 

ydlow  pine, 

Douglas  fir. 

£=1.500.00a 

ins. 

ins. 

ft. 

ins. 

ft.    ins. 

ft.    ins. 

ft.    ins. 

ft.    ins. 

2X4 

12 

8 

11 

9        3 

9        6 

9       10 

10        7 

2X4 

16 

8 

1 

8         5 

8         8 

8       11 

9         7 

2X6 

12 

13 

5 

13       10 

14         4 

14        9 

15       10 

2X6 

16 

12 

2 

12        7 

13         0 

13         5 

14        5 

2X8 

12 

17 

10 

18        6 

19         1 

19        8 

21         2 

2X8 

16 

16 

3 

16       10 

17         4 

17       10 

19         3 

2X8 

20 

15 

1 

15        7. 

16         1 

16        7 

17       10 

Total 

load,  24  ix)undi 

1  per  square  foo 

t. 

2X10 

12 

21 

0 

21        9 

22         5 

23         1 

24       11 

2X10 

16 

19 

1 

19        8 

20         5 

21        0 

22         2 

2X10 

20 

17 

8 

18        4 

18       11 

19        6 

21         0 

2X12 

12 

25 

2 

26        0 

26       11 

27        9 

29       11 

2X12 

16 

22 

11 

23        9 

24        6 

25        2 

27        2 

2X12 

20 

21 

3 

22         0 

22         9 

23         5 

25        2 

*E  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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TABLE  XXVI. 

Maximum  Span  for  Floor-Joists  for  Dwellings,  Tenements 
AND  Grammar-School  Rooms  with  Fixed  Desks. 


Total  load,  60  pounds  per  square  foot. 


Southern 

Sixes 

of 
joists. 

Dist. 

on 

centers. 

Hemlock. 
♦£=s900.000. 

Spruce 

white  pine. 

E=1,000,000. 

Norway 

pine. 

E=l,  100.000. 

Southern 

short-leaf 

yellow  pine. 

£^1,200,000. 

long-leaf 

yellow  pine, 

Douglas  fir. 

E»l,500.000. 

ins. 

ins. 

ft. 

ins. 

ft.    ins. 

ft.    ins. 

ft.    ins. 

ft.    ins. 

2X  6 

12 

9 

3 

9        7 

9       11 

10        3 

11        0 

2X  6 

16 

8 

5 

8        9 

9        0 

9        3 

10        0 

3X  6 

12 

10 

8 

11        0 

11        4 

ni       8 

12        7 

3X  6 

16 

9 

8 

10        0 

10        4 

10        8 

11        5 

2X  8 

12 

12 

4 

12       10 

12        3 

13        8 

14        8 

2X  8 

16 

11 

3 

U        8 

12        0 

12        4 

13        4 

3X  8 

12 

14 

2 

14         8 

15        2 

15        7 

16       10 

3X  8 

16 

12 

11 

13        4 

13        9 

14        2 

15        8 

2X10 

12 

15 

6 

16        0 

16        7 

17        0 

18        8 

2X10 

16 

14 

1 

14        7 

15        0 

15        6 

16        8 

Total 

load.  66  poundi 

1  per  square  foo 

t. 

3X10 

12 

17 

2 

17        0 

13        4 

18       11 

20        4 

3X10 

16 

15 

7 

16        2 

16        8 

17        2 

18        6 

2X12 

12 

18 

0 

18        8 

19        3 

19        8 

21        4 

2X12 

16 

16 

4 

16       11 

17         8 

18        0 

19        5 

3X12 

12 

20 

7 

21         4 

22        0 

22        8 

24         5 

3X12 

16 

18 

8 

19         4 

20        0 

20        7 

22        2 

2X14 

12 

21 

0 

21       11 

22         5 

23         1 

24       10 

2X14 

16 

19 

1 

19         9 

20         5 

21         0 

22        7 

2HX14 

12 

22 

7 

23         5 

21         2 

24       11 

26       10 

2^X14 

16 

20 

6 

21         3 

21        11 

22        7 

24         4 

3X14 

12 

24 

0 

24       10 

25         8 

26         5 

28        6 

3X14 

16 

21 

10 

22         7 

23         4 

24         0 

25       10 

*B  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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TABLE  XXVII. 

Maximum  Span  for  Floor-Joists  for  Office- 

Buildings. 


Total  load,  93  pounds  per  square  foot. 


« 

Southern 

Sizes 

Diit. 

Hemlock. 
♦£—900.000. 

Spruce, 

Norway 

Southern 

long-leaf 

of 

on 

white  pine. 

pine. 

short-leaf 

yellow  pine. 

joists. 

centers. 

E=l, 000.000. 

fi=l.  100.000. 

yellow  pine. 

Douglas  fir. 

£=1.200.000. 

£=1.500.000. 

ins. 

ins. 

ft.    ins. 

ft.     ins. 

ft.     ins. 

ft.    ins. 

ft.    ins. 

3X  8 

12 

12         3 

12        8 

13         1 

13        6 

14        6 

3X  8 

18 

11         1 

11         0 

11       11 

12        3 

13        2 

2X10 

12 

13        4 

13       10 

14         3 

14        8 

15       10 

2X10 

10 

12         2 

12        7 

13         0 

13        4 

14        5 

3X10 

12 

15        4 

15       10 

16        4 

16       10 

18        2 

3X10 

16 

13       11 

14         5 

14       10 

15        4 

16        7 

2X12 

12 

16        0 

16        7 

17         2 

17        8 

19        0 

2X12 

16 

14        7 

15         1 

15        7 

16        0 

17        3 

ToUl 

load.  00  pound] 

1  per  square  foe 

►t. 

3X12 

13 

18        2 

18       10 

19         5 

20        0 

21        0 

3X12 

10 

16        6 

17         1 

17        8 

IS        2 

19        7 

2X14 

12 

18        6 

19        2 

19       10 

20        5 

21       11 

2X14 

10 

16       10 

17        5 

13        0 

18        6 

19       11 

2HX14 

12 

19       11 

20        8 

21         4 

22         0 

23        8 

2HXU 

13 

18        2 

13        9 

13        5 

19       11 

21        0 

3X11 

12 

21         2 

21       11 

22         8 

23         4 

25        2 

3X14 

10 

19         3 

13       11 

20        7 

21         2 

22      n 

*E  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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TABLE  XXVIII. 

Maximum  Span  for  Floor-Joists  for  Churches  and  Theatres 

WITH  Fixed  Seats. 


Total  load,  102  pounds  per  square  foot. 


Sixefl 

of 
joists. 

ins. 


Dist. 

on 

centers. 

ins. 


Hemlock. 
•E=  900.000. 


ft.     ins. 


Spruce 

white  pine. 

£=  1.000,000. 

ft.     ins. 


Norway 

pine. 

£=  1,100,000. 

ft.     ins. 


Southern 

short-leaf 

yellow  pine. 

E- 1,200.000. 

ft.     ins. 


Southern 

long-leaf 

yellow  pine, 

Douglas  fir. 

£=  1.500,000. 


ft. 


ins. 


3X^8 
3X  8 
2X10 
2X10 
3X10 
3X10 
2X12 
2X12 


12 
16 
12 
16 
12 
16 
12 
16 


11 
10 
12 
11 
14 
13 
15 
14 


10 
9 

11 
9 

10 
6 
7 
2 


12 
11 
13 
12 
15 
13 
16 
14 


3 
2 
5 
2 
4 
11 
1 
8 


12 
11 
13 
12 
15 
14 
16 
15 


8 
6 

10 
7 

10 
5 
8 
1 


13 
11 
14 
13 
16 
14 
17 
15 


1 
11 
3 
0 
4 
10 
1 
7 


Total  load,  105  pounds  per  square  foot. 


14 
12 
15 
13 
17 
16 
18 
16 


1 
9 
4 
11 
7 
0 
5 
0 


3X12 

12 

3X12 

16 

2X14 

12 

2X14 

16 

2HX14 

12 

2HX14 

16 

3X14 

12 

3X14 

13 

17 
16 
18 
16 
19 
17 
20 
IS 


8 
0 
0 

4 
4 
7 
7 
8 


18 
16 
18 
16 
20 
18 
21 
19 


3 
7 
7 
11 
1 
3 
4 
4 


13 
17 
19 
17 
20 
18 
22 
20 


10 
1 
3 
5 
8 

10 
0 
0 


19 
17 
19 
18 
21 
19 
22 
20 


5 
8 
8 
0 
4 
4 
8 
7 


20 
19 
21 
19 
23 
20 
24 
22 


11 
0 
4 
4 
0 

11 
5 
2 


*E  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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TABLE  XXIX. 

Maximum  Span  for  Floor-Joists  for  Assembly-Halls   and 

Corridors. 

Total  load.  123  pounds  per  square  foot. 


Sizes 

of 
joists. 

Dist. 

on 

centers. 

Hemlock. 
♦E*  900,000. 

Spruce, 

white  pine. 

£=  1,000,000. 

Norway 

pine. 

fi«  1,100.000. 

Southern 

short-leaf 

yellow  pine. 

£"  1,200.000. 

Southern 

long-leaf 

yellow  pine, 

Ekntgjasfir. 

£«  1.SOO.0O0. 

ins. 

ins. 

ft.    ins. 

ft.     ins. 

ft.    ins. 

ft.     ins. 

ft.    ins. 

3X  8 

12 

11         2 

11         7 

11       11 

12        3 

13        8 

3X  8 

16 

11        0 

10        6 

10       10 

11         2 

12        0 

2X10 

12 

12        2 

12         7 

13        0 

13        5 

14        5 

2X10 

16 

11         1 

11         5 

11       10 

12        2 

13         1 

3X10 

12 

13       11 

14         5 

14       11 

15        4 

10        6 

3X10 

16 

12        8 

13         1 

13        7 

13       11 

15        0 

2X12 

12 

14        7 

15         2 

15        8 

16         1 

17        4 

2X12 

16 

13        3 

13        9 

14         2 

14        8 

15        9 

Total  lo 

ad.  126  pounds 

per  square  foo 

t. 

3X12 

12 

16        7 

17        2 

17        9 

18        3 

19        8 

3X12 

16 

15         1 

15         7 

16         1 

16        7 

17       10 

2X14 

12 

16       11 

17        6 

18         I 

18        7 

20         1 

2X14 

16 

15         4 

15       11 

16         5 

16       11 

18        3 

2HX14 

12 

18         2 

18       10 

19         6 

20         1 

21         7 

2HX14 

16 

16         8 

17         3 

17       10 

18        4 

19        9 

3X14 

12 

19         4 

20         1 

20         8 

21         4 

22       11 

3X14 

16 

17         7 

18         3 

IS       10 

19         4 

20       10 

*E  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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TABLE  XXX. 
Maximum  Span  for  Floor-Joists  for  Retail  Storbs. 


Total  load,  174  i>ounds  per  square  foot. 


Sizes 

of 
joists. 


ins. 


3X  8 
3X  8 
2X10 
2X10 
3X10 
3X10 
2X12 
2X12 


Dist. 

on 

centers. 


ins. 


12 
16 
12 
16 
12 
16 
12 
16 


Hemlock. 

At  600  lbs. 

per  sq.  in. 

M«33H. 


ft.    ins. 


8 
7 
8 
7 

10 
0 

10 
0 


7 
6 
9 
7 
9 
3 
6 
1 


White  inne. 

spruce. 
At  700  lbs. 

per  sq.  in. 

A  «  38.88. 

ft.     ins. 


9 

8 

9 

8 

11 

10 

11 

9 


3 

0 
5 
2 
7 
0 
4 
10 


Norway  pine. 

Douglas  fir. 

At  800  lbs. 

per  sq.  in. 

A  »  44.44. 


ft. 


ins. 


9 
8 
10 
8 
12 
10 
12 
10 


11 
7 
1 
9 
6 
9 
2 
6 


Southern 

short-leaf 
yellow  pine. 
At  1.000  lbs. 

per  sq.  in. 

A -55.55. 

ft.    ins. 


11 
9 
11 
9 
13 
12 
13 
11 


1 
7 
4 
10 
10 
0 
7 
9 


Southern 

long-leaf 

yellow  pine 

At  1.200  lbs. 

per  sq.  in. 

A»66K. 

ft.    ins. 


12 
10 
12 
10 
15 
18 
14 

la 


a 

5 
9 
2 
a 
10 
10 


Total  load,  177  pounds  per  square  foot. 


3X12 

12 

3X12 

16 

2X14 

12 

2X14 

16 

2HX14 

12 

2^X14 

16 

3X14 

12 

3X14 

16 

12 
10 
12 
10 
13 
11 
16 
14 


6 
10 
2 
6 
7 
9 
8 
5 


13 
11 
13 
11 
14 
12 
18 
15 


6 
9 
1 

4 
8 
8 
0 
7 


14 
12 
14 
12 
15 
13 
19 
16 


6 
6 
0 
2 
8 
7 
3 
8 


16 
14 
15 
13 
17 
15 
21 
18 


2 
0 
8 
7 
6 
2 
6 
8 


17 
15 
17 
14 
19 
16 
23 
20 


9 
4 
2 
11 
2 
8 
7 
5 


*A  in  Tables  XXX  and  XXXI  is  the  coefficient  for  beams  and  is  one-eighteenth  of 
•tlpwable  fiber-stress.    For  values  of  A  for  other  woodSt  see  Table  XII. 


tin 
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TABLE  XXXL* 
Maximum  Span  for  Rafters.    A.  Shingled  Roofs, 

Plastered. 

Total  load.  48  pounds  per  square  foot. 


NOT 


Siset 

of 
joists. 

Dist 
on 

centers. 

Hemlock. 

At  000  lbs. 

per  sq.  tn. 

ti4-33H. 

White  pine. 

spruce. 
At  700  lbs. 

per  sq.  in. 

A  »  38.88. 

Norway  pine 

Douglas  fir. 

At  830  lbs. 

per  sq.  in. 

4^44.44. 

Southern 

short-leaf 
yellow  pine. 
At  1.000  lbs. 

per  sq.  in. 

A =55.55. 

Southern 

long-leaf 

yellow  pine 

At  1.20O  lbs. 

per  sq.  in. 

i4»80K. 

ins. 

ins. 

ft.    ins. 

ft.    ins. 

ft.     ins. 

ft.    ins. 

ft.    ins. 

2X  4 

1ft 

6        9 

8        % 

0        8 

7        5 

8        2 

2X  4 

20 

5        2 

6        7 

5       11 

0        8 

7        4 

2X  6 

10 

8        8 

9        4 

10        0 

11         2 

12        3 

2X  6 

20 

7        9 

8        4 

8       11 

10        0 

10       11 

3X  6 

1ft 

10        7 

11         6 

12        3 

13        8 

15        0 

3X  ft 

20 

9        0 

10        3 

10      11 

12        3 

13        5 

2X  8 

10 

11        0 

12        0 

13        4 

14       11 

10        4 

2X  8 

20 

10        4 

11         2 

11       11 

13        4 

11        7 

2X  8 

24 

9        5 

10        2 

10       11 

12        2 

13        4 

2X10 

le 

14        fi 

15        7 

10        8 

18        8 

20        5 

2X10 

20 

12       11 

13       11 

14       It 

10        8 

IS         3 

2X10 

24 

11        9 

12         0 

13        7 

15        2 

10         8 

TABLE  XXXI  iContifiued), 
Maximum  Span  for  Rafters.     B.  Slate  Roofs,  not  Plastered, 

OR  Shingle  Roofs,  Plastered. 

Total  load,  67  pounds  ]>er  square  foot. 


Sixes 

of 
joists. 

Dist. 

on 

centers. 

Hemlock. 

At  000  lbs. 

per  sq.  in. 

t4-33H. 

White  pine, 

spruce. 
At  700  lbs. 

per  sq.  in. 

X»  38.88. 

Norway  pine, 

Douglas  fir. 

At  800  lbs. 

per  sq.  in. 

>4"=  44.44. 

Southern 

short-leaf 
yellow  pine. 
At  1.000  lbs. 

per  sq.  in. 

i4  =  55.55. 

Southern 

long-leaf 

yellow  pine 

At  1.200  lbs. 

per  sq.  in. 

i4»oeH. 

ins. 

ins. 

ft.    ins. 

ft.     ins. 

ft.     ins. 

ft.    ins. 

ft.    ins. 

2X  4 

10 

6        3 

5        9 

0         1 

0       10 

7        0 

2X  4 

20 

4        9 

5         1 

5        0 

0         1 

0        8 

2X  0 

10 

7       11 

8        7 

9        2 

10        3 

11         3 

2X  0 

20 

7         1 

7        8 

8        2 

9        2 

10         1 

3X  0 

10 

9        9 

10        0 

11         3 

12        7 

13        9 

3X   0 

20 

8        8 

9        5 

10        1 

11         3 

12        4 

2X  8 

10 

10        7 

11         5 

12         3 

13        8 

16        0 

2X  8 

20 

9        0 

10        3 

10       11 

12        3 

13        5 

2X  8 

24 

8        8 

9        4 

10         0 

11         2 

12        3 

3X  8 

10 

13        0 

14         0 

15         0 

10        9 

18        4 

3X  8 

20 

11         7 

12         0 

13         5 

15        0 

10        4 

3X  8 

24 

10        7 

11         5 

12         3 

13        8 

15        0 

2X10 

10 

13        3 

14        4 

15         3 

17         1 

18        9 

2X10 

20 

11       10 

12        9 

13        8 

15        3 

10        9 

2X10 

24 

10       10 

11         8 

12         0 

13       11 

15        3 

*Table8  XXXI,  A,  B  and  C  are  intended  for  climates  where  a  snow-fall  of  two  feet  may  be 
expected.  In  the  southern  states,  where  there  is  very  little  snow,  the  spans  in  Table  A  will  be 
safe  for  slate  or  gravel  roofs  if  the  ioists  are  sawed  to  the  full  dimensions. 

ttSee.  also,  footnote  with  Table  XXX. 


.1 
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TABLE  XXXI  (Continued). 

Maximum  Span  for  Rafters.    C.  Slate  Roofs,  Plastered,  or 

Gravel  Roofs,  not  Plastered. 

Total  load.  66  pounds  per  aquare  foot. 


Sizes 

of 
joists. 

Dist. 

on 

centers. 

Hemlock. 
At  600  lbs. 
per  sq.  in. 
M»=33M- 

White  pine. 

spruce. 
At  700  lbs. 
per  sq.  in. 
i4»  38.88. 

Norway  pine. 

Douglas  fir. 

At  800  lbs. 

per  sq.  in. 

i4  =  44.44. 

Southern 

short-leaf 

yellow  pine. 

At  1.000  lbs. 

per  sq.  in. 

A»  65.55. 

Southern 

long-leaf 

yellow  pine 

At  1.200  lbs. 

per  sq.  in. 

i4-66«. 

ins. 

ins. 

ft.     ins. 

ft.    ins. 

ft.    ins. 

ft.    ins. 

ft.    ins. 

2X  6 

10 

7        5 

8        0 

8        6 

9        6 

10        5 

2X  C 

20 

0        7 

7        2 

7        7 

8        6 

9        4 

3X  6 

10 

g      0 

9        9 

10        5 

11         8 

12       10 

3X  0 

20 

8         1 

8        9 

9        4 

10        5 

11         5 

2X  8 

16 

9       1) 

10        8 

11         4 

12        8 

13       11 

2X  8 

20 

8       10 

9        6 

10        2 

11         4 

12        5 

2X  8 

24 

8        0 

8        8 

9        3 

10        5 

11         4 

3X  8 

16 

12        1 

13        0 

13       11 

15        7 

17         1 

3X  8 

20 

10        0 

11        8 

12        5 

13       11 

15        3 

3X  8 

24 

9       10 

10        8 

11        4 

12        8 

13       11 

2X10 

16 

12        4 

13        3 

14        2 

15       11 

17        5 

2X10 

20 

11         0 

11       11 

12        9 

14        2 

15        7 

2X10 

24 

10         1 

10       10 

11       10 

13        0 

14         2 

2X12 

16 

14        9 

15       11 

17         1 

19         1 

20       11 

2X12 

20 

13         2 

14        3 

15        3 

17         1 

18        8 

2X12 

24 

12         1 

13        0 

13       11 

15        7 

17         1 

*See.  also,  footnote  with  Table  XXX. 


9.   THE  STRENGTH  OF  WOODEN   COLUMNS. 

For  wooden  columns  in  buildings  used  for  ordinary  purposes, 
when  the  length  in  inches  does  not  exceed  twelve  times  the  least 
thickness,  the  safe  strength  of  the  column  may  be  obtained  by 
multiplying  its  sectional  area  in  square  inches  by  i.ooo  for  long- 
leaf  yellow  pine  and  white  oak,  900  for  Douglas  fir  and  spruce,  and 
800  for  white  pine.  For  machinery  or  full  permanent  loads,  such 
as  brick  or  stone  walls,  these  values  should  be  reduced  one-fifth. 

The  safe  load  for  a  column  whose  length  in  inches  exceeds 
twelve  times  its  least  dimensions  may  be  computed  by  means  of 
the  following  table,  allowing  four-fifths  for  Douglas  fir,  spruce  and 
eastern  fir;  three-fourths  for  white  pine,  short-leaf  yellow  pine, 
hemlock  and  chestnut;  and  five-eighths  for  Norway  pine,  cypress, 
cedar,  poplar  and  California  redwood: 


B  UILDING-CONSTR  UCTION. 
TABLE   XXXV. 


Properties   op   Woods.     Average    Ultimate    Unit 
B.    Broad-Lbavbd  or  Hard  Woods. 


LUnuni  vltu 

MapliQwfd) 

Maple  (wbiUii 

Uabocuy  <C«Dtn] 

Ameriu) 

0«k  (white) 


Stnocth,  In  Iba.  per  aq.  ii 


9.S00 


1.200 
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TABLE  XXXV*    {Continued). 
Properties   of  Woods.    Average  Ultimate  Unit  Stresses. 

B.    Broad-Leaved  or  Hard  Woods. 


Kinds  of  wood. 

Weight 

per.  cu. 

ft.  dry. 

lbs. 

Strength,  in  lbs.  per  sq.  in. 

Shear,  lbs.  per.  sq.  in. 

Tension. 

Compresaon. 

Bending 
(mod- 
ulus of 

rupture). 

With 

the 

grain. 

Across 

the 
grain. 

With 

the 

grain. 

Across 

the 
grain. 

Oak  (red  and  black) . 

Poplar  (whitewood)  . 

Walnut  (white)  (but- 
ternut)   

40.75 
30.00 

*  25.46 
38.11 

10.000 
7.000 

9.000  to 
16.000 

4.000  to 
8.500 

4.000  to 
6,700 

6,000  to 
6.800 
7.500 

2,300 

9,100  to 
15.400 

1.100 

4.418 

2.830 
4.728 

Walnut  (black) 

*The  higher  values  of  tensile  and  compressive  strengths  are  for  "dry"  or  "seasoned"  timber 
containing  from  10  to  15  per  cent  of  water. 

TABLE  XXXVL* 
Safe   Allowable   WoRKiNof   Unit   Stresses    for   Woods,   in 

Pounds  per  Square  Inch. 


Tension. 

Compression. 

Transverse. 

Shear.} 

With  the  grain. 

Kinds  of  wood. 

Ex- 
treme 
fiber- 
stress. 

Mod- 

With 

Across 

Across 

ulus  of 

With 

Across 

the 

the 

CoU. 

the 

elas- 

the 

the 

grain. 

grain. 

End- 

under 

grain. 

ticity. 

grain. 

grain. 

bearing. 

15 

iZ/1000 

diams. 

Factor  of  safety. 

Ten. 

Ten. 

Five. 

Five. 

Four. 

Six. 

One. 

Four. 

Four. 

White  oak 

1,200 

200 

1.400 

1.000 

500 

1.200 

1.600 

200 

1.000 

White  pine.... 

700 

50 

1.100 

800 

200 

700 

1.000 

100 

600 

Southern  long- 

leaf  pine 

1.200 

60 

1,400 

1.000 

350 

1.200 

1.600 

160 

1.260 

Douglas  fir 

800 

■   •   ■ 

1.200 

900 

200 

800 

1.600 

130 

900 

Short-leaf  yel- 

low pine.  . . . 

900 

50 

1.100 

800 

250 

1.000 

1.200 

130 

1.000 

Red  pine  or 

Norway  pine 

800 

50 

1,000 

750 

200 

800 

1.100 

125 

760 

Spruce  and 

eastern  fir... 

800 

50 

1.200 

900 

200 

700 

1.200 

100 

760 

Hemlock. 

600 

•   •    > 

1.100 

800 

150 

600 

900 

100 

600 

Cypress. 

600 

.    .    . 

1.000 

750 

200 

800 

900 

126 

•  •  •  • 

Cedar 

700 

•   •    ■ 

1.100 

750 

200 

700 

700 

100 

600 

Chestnut 

850 

•    •    ■ 

•   •   •   • 

800 

250 

800 

1.000 

160 

600 

California  red- 

wood  

700 

•   •   • 

900 

800 

150 

750 

700 

76 

•  •  •  ■ 

NoU. — ^For  footnotes  see  bottom  of  page  827. 
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BUILDING-CONSTRUCTION, 


TABLE  XXXVII.    Pbrmissiblb  Unit  Stresses  for  Woods,  in 
Pounds  per  Square  Inch.    From  Building  Laws  of  Cities. 


Kinds  of  streas. 

Kind  of  wood. 

New  York.^ 

Chicago. 

Baltimore.! 

Boston.  1 

Tenaioii. 

Yellow  pinef.... 

White  pine 

Spniccl 

Hemlock 

Chestmat 

Oak 

i.aoo 

800 
800 
000 

1.000 

1300 
800 
800 
600 

1.200 

1.OO0SLYPII 

I3OOLLYP 
1.000 
1.200 
800 

1.500 

1.200VP 

Locust 

ComprBieion  with 
the  grain- 

Yellow  pinef. . . . 

White  pine 

Spnicet 

Hemlock 

Chestnut 

Oak 

1.000 
800 
800 
500 
500 
900 

1.200 

1.110 
700 
700 
500 

900 

8008LYPII 

1.000LLVP 
800 
800 
600 

1.000 
.1.300 
SOONCorYP 

Locust 

ComiMreflsion  acroes 
the  grain. 

Yellow  pinef  . . . 

White  pine 

Spnicel 

Hemlock 

Chestnut 

Oak 

600 
400 
400 
600 

1.000 
800 

1.000 

250 
200 
200 
150 

500 

250SLYPII 

600LLYP 
400 
400 
500 

•  • 

600 
1.000 
400NCorVP 

500 
250 
250 

600 

Transverae  bending. 

Yellow  pinef. . . . 

White  pine 

Sprucet 

Hemlock 

Chestnut 

Oak 

1.200 
800 
800 
600 
800 
1.000 
1.200 

1.300 
800 
800 
600 

1.200 

l.OOOSLYPlI 

1,800LLYP 
1.000 
1.350 
1.000 

1.500 

1.500 
1.000 
1.000 

( 

1.000 

Shear  with  the  grain . 

YeUow  pinef. . . . 

White  pine 

Spruoet 

Hemlock 

Chestnut 

Oak 

70 
40 
50 
40 

100 
100 

130 
80 
80 
60 

300 

1206LYPII 

lOOLLYP 
85 
90 
75 

100 

90VP 

100 
80 
80 

150 

Locust. ....!".. 

Shear     acroes     the 
grain. 

Yellow  pinef 

White  pine 

Sprucet 

Hemlock 

Chestnut 

Oak 

500 
250 
320 
275 
150 
000 
720 

600LLYP 
350 
350 
350 
150 
720 

400VP 

Locust 

*Stres8es  named  by  New  York.  Cincinnati.  District  of  Columbia  and  the  Board  of-  Fire 
Underwriters  are  generally  identical,  with  the  following  exceptions:  District  of  Columbia  omits 
hemlock,  omits  chestnut  in  shear  across  grain  and  puts  spruce  and  Virginia  pine  under  one 
caption;  Cincinnati  makes  caption  of  white  pine  and  spruce,  with  New  York  white-x>ine  values, 
and  gives  270  for  hemlock,  for  shear  across  the  grain. 

fin  Chicago.  "  Douglas  fir  and  long-leaf  yellow  pine." 

^n  Chicago,  no  values  for  spruce,  but  spruce-values  given  apply  to  Norway  pine. 

Illn  Chicago,  values  are  given  for  short-leaf  yellow  pine.  SLYP. 

|In  Baltimore.  LLYP  for  long-leaf  yellow  pine  and  NC  or  VP  for  North  Carolina  or  Virginia  pine. 

fin  Boston,  yellow  pine  is  written,  "yellow  pine  (longleaf)." 
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TABLE   XXXVIIL* 


Safe  Working-Stresses  in  Tension  for  Some   Metals  and 

Woods. 


ifaterials. 


Safe 
Ibe.  per  iq.  in. 


Cast  iron  (New  York  City) 

Wrought  iron 

Steel,  medium , 

Chestnut. , 

Hemlock  (New  York  City) 

Pine,  long-leaf  yellow 

Pine,  Norway 

Pine,  white 

Douglas  fir 

Redwood 

Spruce 


3.000 

12.000 

16.000 

850 

600 

1.200 

800 

700 

800 

700 

800 


^Except  where  noted,  the  above  values  are  in  accordance  with  the  recommendations  of  the 
Association  of  Railway  Superintendents. 


The  stresses  for  woods  are  for  unseasoned  timber  and  may  be  increased  30  per  cent  for  pro- 
tected timber  not  subjected  to  impact,  as  in  buUdings.  For  safe,  working,  tensile  stresses  of  other 
woods,  see  Table  XXXVI. 


TABLE   XXXIX.* 


Safe  Working-Stresses  in  Compression  for  Some  Metals  and 

Woods. 


!l 

■I 


i 


Materials. 


Cast  iron  (in  short  blocks) , 

Wrought  iron 

Rolled  steel 

Cast  steel 

Steel  pins  and  rivets  (bearing) 

Wrought-iron  pins  and  ftvets  (bearing) 

White  oak  (short  pieces,  end-bearing) 

White  pine  (short  pieces,  end-bearing) 

Long-leaf  yellow  pine  (short  pieces,  end-bearing) . 
Short-leaf  yellow  pine  (short  pieces,  end-bearing) 
Douglas  fir  (short  pieces,  end-bearing) 


Safe 
lbs.  per  sq.  in. 


16.000 

12.000 

16.000 

16.000 

20.000 

15.000 

1.400 

1.100 

1.400 

1.100 

1.200 


•The  stresses  for  the  woods  are  for  unseasoned  tit*v*       «Lnd  may  be  increased  SO  per  cent  for 


protected  timber  not  subjected  to  impact,  as  in  buildi|i^  «ot 

of  other  woods  and  for  short  columns,  see  Table  XX  V'^^* 


«aie,  worldng,  compresnve  str 


xxx:^ 


\. 
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BUILDING-CONSTRUCTION. 


TABLE  XL.* 
Safe  Working-Stresses  in  Shear  for  Some  Metals  and  Woods. 


Materials. 


Safe  atren,  Iba.  per  aq.  in. 


Cast  iron  (New  York  City) 

Wrought  iron 

Sted  (bolts  and  rivets) 


8.000 

7.500 

10.000 


With  the  grain. 


White  oak 

White  pine 

Long-leaf  yellow  pine 

Short-leaf  yellow  pine .... 

Douglas  fir 

Hemlock  (New  York  City) 
Spruce  (New  York  City) .  . 


200 
100 
150 
130 
130 
40 
50 


Across  the  gra  in 


1,000 
500 
1.250 
1.000 
900 
275 
320 


Except  where  noted,  the  above  values  ore  in  accordance  with  the  recommendations  of  the 
Association  of  Railway  Superintendents. 

*The  stresses  for  the  woods  are  for  unseasoned  timber  and  may  be  increased  30  i>cr  cent  for 
protected  timber  not  subjected  to  impact,  as  in  buildings.  For  safe,  working,  shearing  stresses  of 
other  woods,  see  Table  XXXVI. 

TABLE  XLL*    Safe  Working-Stresses  in  Bending  for  Ex- 
treme Fibers  for  Some  Metals  and  Woods. 


Materials. 


Cast  iron  (tension  side) 

Cast  iron  (compression  side) 

Wrought  iron  (rolled  beams) 

Wrought  iron  (pins,  rivets  and  bolLs) 

Wrought  iron  (riveted  beams,  net  flangc-scction) 

Steel  (rolled  beams) 

Steel  (rolled  pins,  rivets  and  bolts) 

Steel  (riveted  beams,  net  flange  section) 

White  oak 

White  pine 

Long-leaf  yellow  pine 

Short-leaf  yellow  pine 

Douglas  fir 

Hemlock 

Spruce 

Slate .' 

Bluestone  flagging 

Granite  (average) 

GneiMB  (New  York  City) 

Limestone 

Marble 

Sandstone 

Brick  (common) 

(Concrete  (Portland-cement)  1:2:4 

excrete  (Portland-cement)  1:2:5 

Concrete  (natural  cement)  1:2:4 

Concrete  (natural  cement)  1:2:5 


Safe  stresses, 
lbs.  per  sq.  i.n. 


3.000 

16.000 

12,000 

I0.OOO 

12,000 

16.000 

20  000 

14.000 

1.200 

700 

1.200 

1.000 

.   800 

600 

700 

400 

305 

180 

150 

145 

125 

110 

50 

30 

20 

16 

10 


*The  stresses  for  the  woods  are  for  unseasoned  timber  and  may  be  increased  30  i>er  cent  for 
X>rotected  timber  not  subjected  to  impact,  as  in  buildings.  For  safe,  working,  bending  fiber-stresses 
of  other  woods,  see  Table  XXXVI. 
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13.  BOARD-MEASURE.* 

TABLE  XLII. 

Equivalents  in  Board-Measure  for  Different 

Dimensions. 


Length  in 

feet. 

■ 

Size  in 
inches. 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

2X  4 

6H 

8 

9H 

10% 

12 

13% 

14% 

16 

17% 

18% 

20 

21% 

2X  6 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

2X  8 

13H 

16 

18?i 

21% 

24 

26% 

29% 

32 

34% 

37% 

40 

42% 

2X10 

im 

20 

23H 

26% 

30 

33% 

36% 

40 

43% 

46% 

50 

53% 

2X12 

20 

24 

28 

32 

36 

40 

44 

48 

52' 

56 

60 

64 

2X14 

23M 

28 

32  Ji 

37% 

42 

46% 

51% 

56 

60% 

65% 

70 

74% 

2X18 

26% 

32 

37H 

42% 

48 

53% 

68% 

64 

69% 

74% 

80 

85% 

2HX12 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

2HX14 

29H 

35 

40^ 

46% 

52% 

58% 

64% 

70 

75?^ 

81% 

87% 

93% 

2HX16 

33H 

40 

46?i 

53% 

60 

66% 

73% 

80 

86% 

93% 

100 

106% 

3X  6 

15 

18 

21 

24 

27 

30 

33 

36 

39 

42 

45 

48 

3X  8 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

3X10 

25 

30 

35 

40 

45 

50 

56 

60 

65 

70 

75 

80 

3X12 

30 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

3X14 

35 

42 

49 

56 

63 

70 

77 

84 

91 

98 

105 

112 

3X16 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

4X  4 

isyi 

16 

ISH 

21% 

24 

26% 

29% 

32 

34% 

37% 

40 

42% 

4X  6 

20 

24 

'28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

4X  8 

26M 

32 

37H 

42% 

48 

53% 

58% 

64 

69% 

74% 

80 

85,i 

4X10 

33H 

40 

46% 

53% 

60 

66% 

73% 

80 

86% 

93% 

100 

106% 

4X12 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

4X14 

46Ji 

56 

65H 

7^7i 

84 

93% 

102% 

112 

121% 

130% 

140 

149% 

6X  6 

30 

36 

42 

^S 

54 

«0 

66 

72 

78 

84 

90 

96 

6X  8 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

6X10 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

6X12 

60 

72 

84 

96 

108 

120 

132 

144 

156 

168 

180 

192 

6X14 

70 

84 

98 

112 

126 

140 

154 

168 

182 

196 

210 

224 

6X16 

80 

96 

112 

128 

144 

160 

176 

192 

208 

224 

240 

256 

8X  8 

63H 

64 

74% 

85% 

96 

106% 

117% 

128 

138% 

149% 

160 

170% 

8X10 

66?^ 

80 

93% 

106% 

120 

133% 

146% 

160 

173% 

186% 

200 

213% 

8X12 

80 

96 

112 

128 

144 

160 

176 

192 

208 

224 

240 

256 

8X14 

93H 

112 

130% 

149% 

168 

186% 

205% 

224. 

242% 

261% 

280 

298% 

10X10 

83H 

100 

116% 

133% 

150 

166% 

183% 

200 

216% 

233% 

250 

266% 

10X12 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

320 

10X14 

116H 

140 

163% 

186% 

210 

233% 

256% 

280 

303% 

326% 

350 

373% 

10X16 

133H 

160 

186% 

213% 

240 

266% 

293% 

320 

346% 

373% 

400 

426% 

12X12 

120 

144 

168 

192 

216 

240 

204 

288 

312 

336 

360 

384 

12X14 

140 

168 

196 

224 

252 

280 

30S 

336 

364 

392 

420 

448 

12X16 

160 

192 

224 

256 

288 

320 

352 

3S4 

416 

448 

480 

512 

14X14 

163H 

196 

228% 

201% 

294 

326% 

359% 

392 

424% 

457% 

490 

522% 

14X16 

18QH 

224 

261  >i 

298% 

336 

373  Vi 

410% 

448 

485% 

522% 

560 

597% 

*A11  rough  lumber  is  sold  by  the  foot,  "board-measure."  one  foot,  board-measure. being  the 
eqtdvalent  to  a  board  one  foot  wide,  one  foot  long  and  one  inch  thick. 
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13.    THE  TENSILE  STRENGTH  OF  ROUND  RODS. 


TABLE   XLin. 


Safe  Loads  for  Round  Rods. 


1 

Plain  rods. 

Upset  rods. 

Loads  is 

k  pounds  basec 

i  on  area 

Loads  in  pounds  based  on  full          | 

Diameters 

at  root  of  ihread. 

area  of  rod. 

1 

in  inches. 

Stresses  in  i)ounds  per  square  inch. 

Stresses  in 

pounds  per  square  inch. 

At  10.000 

At  12,000 

At  16.000 

At  10,000 

At  12.000 

At  16,000 

lbs.  i)er  sq.  in. 

lbs.  per  sq.  in. 

lbs.  per  sq.  in. 

hbs.  per  sq.  in. 

lbs.  per  sq.  in. 

lbs.  per  sq.  in. 

H 

270 

324 

432 

491 

690 

785 

%» 

450 

640 

720 

767 

920 

1,230 

H 

680 

816 

1.088 

1.104 

1,320 

1,770 

%• 

930 

1.116 

1.488 

1.503 

1.800 

2,400 

H 

U260 

1.613 

2.016 

1,963 

2,360 

3,140 

%ii 

1,620 

1.944 

2.962 

2.485 

2,970 

3.960 

H 

2.020 

2.424 

3,232 

3.068 

3,680 

4.910 

H 

3,020 

3.624 

4.832 

4.418 

5,300 

7,070 

H 

4,200 

5.040 

6.720 

6.013 

7,210 

9,620 

1 

5.500 

6.600 

8,800 

7.864 

9,420 

12,570 

IH 

6.940 

8.328 

11,104 

9,940 

11.930 

16.900 

IK 

8.930 

10.716 

14.288 

12,270 

14.720 

19,630 

IW 

10.570 

12.680 

16,910 

14,840 

17.810 

23.750 

IH 

12,950 

15.540 

20.720 

17,670 

.21.200 

28.270 

IH 

15.150 

18.180 

24.240 

20.730 

24.880 

33.170 

Ik 

17.440 

20,930 

27.900 

24.050 

28.860 

38.480 

IH 

20,480 

24,580 

32.760 

27.610 

33.130 

44.180 

2 

23.020 

27,620 

36.830 

31.420 

37.700 

60.270 

2H 

26,340 

31,610 

42.150 

36.460 

42.550 

66.640 

2K 

30.230 

36.280 

48.370 

39,760 

47.710 

63.600 

2H 

33.000 

39.600 

62.800 

44.300 

63.160 

70,880 

2]4 

37J50 

44.580 

69.440 

49.080 

68,900 

78.630 

2H 

46.190 

55.430 

73.900 

69.390 

71,270 

96.020 

3 

64.280 

65.140 

86.860 

70,680 

84,820 

113.090 

3K 

66.100 

78.120 

104.160 

82.960 

99,540 

132.720 

ZH 

76.480 

90.570 

120.770 

96.210 

115,450 

153,840 

3H 

86.410 

103.690 

138.250 

110,450 

132.540 

176,690 

4 

99.930 

119.920 

159.890 

125.660 

160.790 

201,050 

4)i 

113.290 

135.900 

181.300 

141.800 

170.160 

226,880 

4M 

127.430 

152.900 

203.900 

159.000 

190.800 

254,400 

4K 

142.200 

170.600 

227.500 

177,200 

212,640 

283,620 

5 

157.630 

189.100 

252.200 

196.300 

236,560 

314.080 

6K 

175.720 

210.800 

281.100 

216.400 

259,680 

346.200 

6H 

192.670 

231.200 

308.300 

237.600 

286.000 

380.000 

6k 

212,620 

255,100 

340.200 

259,600 

311.000 

414.700 

6 

230,980 

277,200 

369,600 

282,700 

339.200 

452,300 
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14.     THE  STRENGTH  OF   CAST-IRON   COLUMNS. 

Short  columns  of  cast  iron,  with  a  length  in  inches  not  exceeding 
eight  times  their  least  dimension,  may  be  safely  loaded  with  about 
five  tons  for  each  square  inch  of  metal  in  the  cross-section. 

The  safe  load  for  longer  columns  should  be  computed  by  means 
of  accepted  formulas.  These  formulas  vary  for  different  forms  of 
cross-section;  they  may  be  found  in  most  books  of  reference.  The 
following  tables  give  the  breaking  and  safe  loads  per  square  inch 
and  the  safe  loads  for  cast-iron  columns  with  hollow  circular,  square 
and  rectangular  cross-sections  and  with  varying  thicknesses  of  shell. 
The  caps  and  bases  are  described  in  Art.  461. 


TABI,E   XLIV. 

Strength  per  Square  Inch  op  Hollow,  Round  and  Rectangu- 
lar Cast-Iron  Columns. 


Length  in 

inches  divided 

by  external 

breadth  or 

Breaking-weight  in  pounds  i)er 
square  inch. 

Safe  load  in  pounds  per  sqiaare 
inch.     Pactor  of  safetyi  8. 

diameter. 

Round. 

Rectangular. 

Round. 

Rectangular. 

8 

74.074 

75.470 

9.250 

9.433 

9 

72.661 

74.350 

9.082 

9.293 

10 

71.110 

73.126 

8,888 

9.140 

11 

69.505 

71.870 

8.688 

8.983 

12 

67.800 

70.487 

8.475 

8.811 

13 

66.060 

69.084 

8,257 

8,635 

14 

64.257 

67,567 

8,032 

8.446 

15 

62.450 

66.060 

7.806 

8.257 

16 

60.606 

64.516 

7.576 

8.064 

17 

58.780 

62.942 

7,347 

7.867 

18 

56.940 

61.360 

7.117 

7.670 

19 

55.134 

59.745 

6.892 

7.468 

20 

53.333 

58,180 

6.666 

7.272 

21 

51.580 

56.610 

6.447 

7,076 

22 

49.843 

55.020 

6.230 

6,877 

23 

48.163 

53.470 

6.020 

6.684 

24 

46.512 

51.950 

5.814 

6.491 

25 

44.918 

50.440 

5.614 

6,305 

26 

43.360 

48.960 

5.420 

6.120 

27 

41.862 

47.530 

5,233 

5.940 

28 

40.404 

46.110 

5.050 

5.764 

29 

39.000 

44,742 

4,875 

5.592 

30 

37.647 

43.390 

4.706 

5.424 

31 

36.347 

42.080 

4,543 

5.260 

32 

35.090 

40,816 

4.386 

5.102 

33 

33.884 

39.580 

4.235 

4.947 

34 

32.720 

38,380 

4,090 

4,797 

35 

31.608 

37.244 

3.951 

4.655 

36 

30,534 

36,120 

3.817 

4.515 
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TABLE  XLV.    Sape  Load  in  Tons  of  2,000  Pounds  for  Hol- 
low Round  Cast-Iron  Columns  with  Square  Ends. 


Diam. 
in 

Thick- 
ness in 

Length  of  column  in  1 

feeL 

Area  of 
metal 

Weight 
per  foot 

inches. 

inches. 

6 
39 

8 

10 

12 

14 

16 

18 

20 

22 

24 

in  inches. 

of  length. 

5 

H 

34 

29 

24 

10.0 

31.3 

H 
H 

H 

1 

45 

38 

32 

27 

11.3 

35.3 

5H 

46 

40 

35 

30 

26 

11.2 

36  0 

62 

46 

40 

34 

29 

12.7 

39  7 

6 

62 

47 

41 

36 

31 

27 

24 

12.4 

38.7 

60 

63 

47 

41 

36 

31 

27 

14.1 

44.0 

66 

59 

62 

45 

30 

34 

30 

15.7 

49.0 

7 

%i 

65 

60 

64 

48 

43 

38 

34 

14.7 

46.0 

■ 

74 

68 

62 

55 

49 

43 

38 

16.8 

62.6 

8 

w  0 

1 

9i 

83 
78 

76 
72 

68 
67 

Gl 
61 

54 
55 

48 
60 

43 
45 

18.8 
17.1 

68.9 
53.4 

40 

36 

33 

% 

89 

83 

76 

70 

63 

67 

61 

46 

41 

37 

19.6 

61.2 

1 

100 

93 

86 

79 

71 

64 

68 

62 

47 

42 

22.0 

68.7 

0 

1^ 

103 

98 

91 

85 

80 

71 

66 

59 

64 

49 

22.3 

69.8 

1 

117 

110 

103 

95 

90 

80 

773 

67 

61 

66 

26.1 

78.5 

IH 

129 

122 

114 

105 

99 

89 

81 

74 

67 

61 

27.8 

87,0 

10 

M 

118 

112 

106 

100 

93 

86 

79 

73 

67 

62 

25.1 

78.4 

1 

133 

127 

120 

112 

105 

97 

89 

82 

76 

69 

28.3 

88.4 

IH 

147 

141 

133 

125 

116 

107 

99 

91 

84 

77 

31.4 

08.0 

IH 

161 

154 

146 

136 

127 

118 

109 

100 

92 

84 

34.4 

107.4 

11 

1 

149 

143 

137 

129 

122 

114 

106 

98 

91 

86 

81.4 

98.2 

IH 

165 

159 

152 

144 

135 

126 

lis 

100 

101 

04 

34.9 

109.1 

Wa, 

182 

175 

167 

158 

148 

1.39 

129 

120 

111 

103 

88.3 

110.7 

IH 

197 

190 

181 

171 

161 

151 

140 

130 

121 

112 

41.6 

120.9 

12 

m 

184 

178 

171 

163 

154 

146 

137 

128 

120 

112 

38.4 

120.1 

Wa 

202 

195 

188 

179 

170 

160 

150 

141 

132 

123 

42.2 

131.0 

IH 

220 

212 

204 

194 

184 

174 

163 

153 

143 

133 

46.0 

143.4 

lyi 

237 

229 

220 

210 

199 

187 

176 

165 

154 

144 

49.5 

154.6 

13 

IH 

202 

190 

190 

182 

174 

16> 

156 

147 

138 

130 

42.0 

131.2 

ly* 

222 

216 

2)9 

200 

191 

181 

172 

162 

152 

143 

46.1 

144.2 

w 

212 

23  > 

227 

218 

20i 

197 

187 

176 

166 

150 

60.2 

156.0 

1)2 

261 

251 

215 

235 

224 

213 

201 

190 

179 

168 

54.2 

160.4 

14 

IM 

242 

236 

229 

221 

212 

203 

193 

183 

173 

164 

50.1 

166.5 

m 

264 

2oS 

250 

211 

231 

221 

210 

199 

189 

178 

64.5 

170.4 

VA 

2S5 

278 

270 

200 

250 

238 

227 

215 

201 

193- 

58.9 

184.1 

m 

306 

298 

2S9 

279 

208 

256 

243 

231 

219 

207 

63.2 

107.4 

15 

IH 

268 

280 

272 

264 

254 

244 

234 

223 

212 

203 

68.9 

18:^.0 

VA 

309 

303 

295 

285 

275 

264 

252 

241 

229 

219 

63.6 

203.4 

IH 

332 

325 

316 

306 

295 

283 

271 

259 

246 

235 

68.3 

213.4 

\H 

354 

346 

337 

327 

315 

302 

288 

276 

263 

251 

72.8 

227.6 

16 

m 

333 

327 

319 

310 

300 

290 

278 

267 

255 

243 

68.3 

213.5 

IH 

3^8 

351 

343 

333 

322 

311 

299 

2S6 

273 

261 

73.4 

220.8 

IH 

3S2 

375 

366 

356 

314 

332 

319 

306 

292 

279 

78.3 

S44.8 

VA 

455 

446 

435 

423 

410 

395 

380 

364 

347 

332 

93.2 

201.8 

-^  ^    *  . 
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TABLE  XLVI. 

Safe  Load  in  Tons  of  2,000  Pounds  for  Hollow  Square  and 
Rectangular  Cast-Iron  Columns  with  Square  Ends. 


Sixe 
in 

Thick- 
ness in 

■ 

Length  of  column  in 

feet. 

Area  of 
metal 

in 

Weight 
per  foot 

of 
length. 

inches. 

inches. 

8 

10 

12 

14 

16 

13 

20 

24 

lu 

inches. 

4X  6 

H 

41 

84 

28 

12.76 

39.8 

4X  8 

H 

61 

42 

35 

16.76 

49.2 

4X  9 

H 

66 

46 

39 

17.26 

63.9 

4X10 

H 

60 

60 

42 

18.76 

68.6 

4X12 

H 

70 

69 

49 

21.76 

68.0 

6X  8 

H 

64 

66 

48 

41 

17.25 

53.0 

81 

71 

61 

63 

22.00 

68.8 

6X  0 

H 

69 

60 

62 

46 

18.75 

68.6 

89 

78 

67 

68 

24.00 

76.0 

6X10 

H 

76 

66 

67 

49 

20.26 

63.3 

96 

84 

73 

63 

26.00 

81.3 

6X12 

H 

86 

74 

66 

66 

23.26 

72.7 

111 

97 

84 

72 

80.00 

93.8 

6X  6 

H 

63 

67 

61 

45 

40 

36 

15.76 

49.2 

80 

72 

66 

67 

61 

46 

20.00 

62.6 

6X  8 

H 

76 

68 

60 

64 

47 

42 

18.76 

68.6 

96 

87 

78 

69 

61 

64 

24.00 

76.0 

6X  9 

H 

81 

73 

66 

68 

61 

46 

20.25 

03.3 

104 

94 

84 

76 

66 

68 

26.00 

81.3 

6X10 

H 

87 

79 

70 

62 

66 

49 

21.75 

68.0 

112 

101 

91 

80 

71 

63 

28.00 

87.6 

6X12 

H 

99 

90 

80 

71 

63 

66 

24.76 

77.3 

1 

129 

116 

104 

92 

81 

72 

32.00 

100.0 

6X15 

H 

117 

106 

95 

84 

74 

66 

29.26 

91.4 

153 

138 

123 

100 

97 

85 

, 

38.00 

118.8 

7X  7 

H 

80 

73 

67 

61 

66 

49 

44 

18.76 

68.6 

102 

94 

85 

78 

70 

63 

-67 

24.00 

76.0 

7X  9 

H 

92 

86 

77 

70 

63 

67 

61 

21.76 

68.0 

119 

109 

100 

91 

82 

74 

66 

28.00 

87.6 

7X12 

H 

111 

102 

93 

86 

77 

69 

62 

26.26 

82.0 

144 

133 

121 

110 

93 

89 

80 

34.00 

106.3 

8X  8 

H 

95 

90 

83 

77 

70 

64 

60 

40 

21.75 

68.0 

124 

116 

107 

99 

91 

83 

76 

63 

28.00 

87.6 

IH 

148 

140 

129 

119 

100 

100 

91 

76 

83.76 

105.6 

8X10 

H 

109 

103 

95 

87 

80 

73 

67 

66 

24.75 

77.3 

141 

132 

122 

113 

104 

95 

86 

72 

32.00 

100.0 

IH 

170 

161 

148 

137 

126 

115 

105 

87 

88.76 

121.1 

8X12 

H 

122 

116 

106 

98 

90 

82 

75 

62 

27.75 

86.7 

168 

148 

138 

127 

116 

107 

97 

81 

86.00 

112.5 

IH 

192 

181 

167 

164 

142 

130 

118 

98 

43.75 

136.7 

8X16 

193 

181 

168 

166 

142 

130 

119 

99 

44.00 

137.5 

IK 

236 

221 

200 

190 

174 

169 

146 

121 

63.76 

168.0 

9X  9 

H 

111 

106 

99 

93 

83 

80 

74 

63 

24.75 

77.8 
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TABLE  XLVI  (Contiuiud). 

Safe  Load  in  Tons  of  3,000  Pounds  for  Hollow  Square  and 
Rectangular  Cast-Iron  Columns  with  Square  Ends. 


SiM 

in 

TWck- 
neaaiti 

Length  of  column  in  feet. 

Area  of 
metal 

Weight 
per  foot 

of 
length. 

inches. 

inches. 

8 

10 

12 

14 

16 

18 

20 

24 

m 
inches. 

144 

137 

129 

120 

112 

103 

06 

85 

32.00 

100.0 

9X12 

171 

162 

153 

143 

133 

123 

114 

07 

38.00 

118.8 

IH 

209 

198 

186 

174 

162 

149 

138 

118 

46.25 

144.5 

9X16 

207 

196 

185 

173 

161 

149 

138 

117 

46.00 

143.8 

IH 

254 

240 

226 

2>2 

197 

182 

168 

143 

56.25 

175.8 

10X10 

166 

158 

150 

142 

133 

125 

117 

101 

36.00 

112.5 

IH 

201 

193 

183 

172 

162 

162 

142 

123 

43.75 

•136.7 

10X12 

184 

176 

167 

158 

148 

139 

120 

112 

40.00 

125.0 

IH 

224 

214 

204 

192 

181 

169 

158 

137 

48.75 

152.3 

10X16 

211 

202 

192 

181 

170 

160 

140 

120 

46.00 

143.  S 

IH 

268 

247 

235 

222 

209 

105 

182 

158 

56.25 

175.8 

10X16 

220 

211 

200 

189 

178 

167 

155 

135 

48.00 

160.0 

IH 

270 

268 

'245 

232 

218 

204 

100 

165 

58.75 

183.6 

10X18 

239 

228 

217 

206 

193 

181 

168 

140 

52.00 

162.5 

IH 

293 

280 

266 

261 

236 

221 

207 

170 

63.75 

100.2 

10X20 

267 

246 

234 

221 

206 

104 

181 

157 

56.00 

175.0 

IH 

316 

302 

287 

271 

256 

230 

223 

103 

68.75 

214.0 

10X24 

294 

281 

267 

252 

237 

222 

207 

180. 

64.00 

200.0 

IH 

362 

346 

329 

311 

292 

274 

255 

221 

78.75 

246.1 

12X12 

H 

183 

177 

171 

164 

156 

140 

141 

126 

38.00 

121.7 

207 

201 

193 

185 

177 

168 

160 

142 

44.00 

137.5 

Ik 

253 

245 

236 

223 

216 

206 

105 

174 

53.75 

168.0 

IH 

296 

288 

277 

265 

253 

241 

228 

204 

63.00 

106.0 

12X1A 

236 

228 

220 

211 

201 

101 

181 

162 

50.00 

156.3 

IH 

288 

280. 

269 

258 

246 

234 

222 

108 

61.25 

101.4 

12X16 

245 

237 

228 

219 

209 

100 

188 

168 

52.00 

162.5 

12X18 

263 

256 

246 

236 

223 

214 

203 

181 

56.00 

175.0 

12X20 

282 

274 

264 

253 

241 

220 

217 

104 

60.00 

187.5 

12X24 

820 

310 

290 

287 

274 

280 

246 

220 

68.00 

212.5 

14X16 

268 

261 

254 

246 

238 

220 

210 

200 

56.00 

175.0 

14X20 

^ 

307 

298 

290 

281 

272 

261 

250 

228 

64.00 

200.0 

14X24 

345 

336 

326 

316 

306 

204 

280 

267 

72.00 

225.0 

16X16 

300 

284 

278 

271 

264 

256 

247 

220 

60.00 

187.5 

16X24 

380 

860 

352 

344 

334 

324 

313 

201 

76.00 

237.6   . 

18X18 

340 

340 

320 

314 

307 

200 

201 

274 

68.00 

212.5 

20X20 

380 

380 

361 

356 

340 

342 

334 

317 

76.00 

237.5 

20X24 

420 

420 

399 

393 

386 

378 

360 

351 

84.00 

262.5 
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15.     THE   STRENGTH  OF   STEEL-PIPE   COLUMNS. 


TABLE   XLVIL* 


Safe  Loads  in  Tons  for  Standard  Steel-Pipe 

Columns. 


Sixes  of  srii>e8. 

Lengths 

2 

2M 

3 

3H 

4 

4H 

5 

6 

7 

in 
feet. 

Thi 

ckness. 

.154 

.203 

.216 

.226 

.237 

.247 

.258 

.280 

.301 

40 
36 
33 
30 
27 
24 
22 
20 
18 
16 
14 
13 
12 
11 
10 
9 
8 

2.94 
3.42 

3.8C 
4.3; 

4.19 

4.81 

5.44 

\         6.07 

)          6.69 

6.27 
7.61 
8.27 
8.94 

6.41 

7.81 

9.20 

10.60 



8.02 

9.49 

10.95 

12.42 

9.72 
11.25 
12.78 
14.30 

■    ■   •    ■   • 

11.16 
13.55 
15.15 
16.74 

13.87 
16.47 
19.00 
21.66 

19.16 
21.95 
24.74 
27.53 

30.32 
32.18 
34.  &1 
35.90 
37.76 
39.62 
40.55 
41.43 
42.41 
43.31 
44.27 
45.20 
40  n 
47.  m 

47.90 

23.39 
25.12 
26.85 
28.58 
30.31 
31.17 
32.04 
32.90 
33.77 
34.63 
35.50 
36.36 
37.23 
38.03 

18.34 
19.93 
21.52 
22.32 
23.12 
23.91 
24.71 
25.51 
26.30 
27.10 
27.90 
28.69 

15.83 
17.36 
18.11 
18.88 
19.64 
20.40 
21.17 
21.93 
22.69 
23.45 
24.22 

13.88 
14.61 
15.34 
16.07 
16.81 
17.54 
18.27 
19.00 
19.73 
20.46 

11.30 
11.99 
12.69 
13.39 
14.09 
14.78 
15.48 
16.18 
16.88 

9.61 
10.27 
10.94 
11.60 
12.27 
12.94 
13.60 

►         7.32 
^         7.94 

7 
6 
5 

4.84 
5.32 
5.71! 

\         8.57 
\         9.20 
1         9.82 

^Loada  in  tons  of  2,000  pounds.    Table  based  on  New  York  Building  Laws 

Formula  used,  5  - 15.200  —58  l/r,  in  which 

S  M allowable  compressive  stress  for  steel,  pounds  per  square  inch, 

/  a>length  of  column  in  inches, 

r  M  least  radius  of  gyrations  in  inches. 
Loads  above  or  to  the  left  of  the  sig-zag  lines  correspond  to  values  of  l/r  greater  than  120. 
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TABLE  XLVII  {Continued). 
Safe  Loads  in  Tons  For  Standard  Steel-Pipe  Columns. 


Sizes  of  pipes. 

8 

9 

10 

11 

12 

13 

1 

14 

15 

Lengths 
in  feet. 

ThickneM. 

.322 

.342 

s365 

.375 

.375 

.375 

.37o 

.375 

40 
36 

24.04 
28.02 

83.53 
37.76 

45.38 

55.49 
60.12 

64.44 
69.07 

75.63 
80.26 

84.58 
89  21 

93.53 
98.17 

49.90 

33 
30 
27 

81.00 
33.99 

40.93 

53.28 
56.66 
60.05 

63.60 
67.08 
70.55 

72.55 
76.03 
79.51 

83.74 
87.22 
90.69 

92.69 
96.17 
99.65 

101.64 
105.12 
108.60 

44.10 
47.27 

36.97 

24 

39.96 

50.44 

63.43 

74.03 

82.98 

94.17 

103.12 

112.08 

22 

41.95 

52.55 

65.69 

76.35 

85.30 

96.49 

105.44 

114.40 

20 

43.94 

54.66 

67.94 

78.67 

87.62 

98.81 

107.76 

116.71 

18 

45  93 

56.78 

70.20 

80.99 

89.94 

101.13 

110. as 

119.03 

16 

47.92 

58.89 

72.46 

83.30 

92.20 

103.45 

112.40 

121.35 

14 

49.90 

61.01 

74.71 

85.62 

94.57 

105.76 

114.72 

123.67 

13 

50.90 

62.06 

75.84 

86.78 

95.73 

106.92 

115.88 

124.83 

12 

51.89 

63.12 

76.97 

87.94 

96.89 

108.08 

117.03 

125.99 

11 

52.89 

64.18 

78.10 

89.10 

98.05 

109.24 

118.19 

127.15 

10 

53.88 

65.23 

79.22 

90.26 

99.21 

110.40 

119.35 

128.31 

9 

54.88 

-  66.20 

80.35 

91.42 

100.37 

111.56 

120.51 

129.47 

8 

55.87 

67.35 

81.48 

92.57 

101.53 

112.72 

121.67 

130.62 

7 

56.87 

68.40 

82.61 

93.73 

102.60 

113.88 

122.83 

131.78 

6 

57.86 

60.46 

83.74 

94.89 

103.85 

115.04 

123.99 

132.94 

5 

58.86 

70.52 

84.86 

96.05 

105.00 

116.20 

125.15 

134.10 

*Loads  in  tons  of  2,000  pounds.    Table  based  on  New  York  Building  Laws. 

Formula  used.  5*15,200—58  Vr.   in  which 

.Ss  allowable  compressive  st.-ess  for  steel,  pounds  per  square  inch. 

/s  length  of  column  in  inches, 

rsx  least  radius  of  gyration  in  inches. 

Loads  above  or  to  the  left  of  the  sigzag  lines  correspond  to  values  of  Vr  greater  than  120. 
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TABLE  XLVIII.* 


Safe  Loads  in  Tons  for  Extra-Strong  Steel-Pipe  Columns. 


Sixes  of  pipes. 

Lenflrths 

2 

2H 

3 

3M 

4 

4H 

5 

6 

7 

in 
feet. 

Thickness.' 

21{ 

J         .276 

.300 

.318 

.337 

.355 

.375 

.432 

.500 

40 

30 

33 

30 

27 

24 

22 

20 

18 

16 

14 

13 

12 

11        : 

10 

9         I 
8         I 

1.6; 
>.i( 

>.8( 

5.25 

6.00 

6.94 

>          7.79 

2          8.64 

8.14 

9.99 

10.91 

11.84 

8.36 
10.32 
12.28 
14.24 

10.65 
12.72 
14.80 
16.88 

13. 10  , 
15.29  ' 
17.48 
19.67 

15.22 
18.09 
21.01 
23.32 

19.90 
23.90 
27.90 
31.89 

29.53 
34.16 
38.79 
43.42 

48.04 
61.13 
54.21 
57.30 
60.38 
63.47 
65.01 
66.55 
68.09 
69.64 
71.18 
72.72 
74.26 
75.80 
77.35 

34.56 
37.23 
39.89 
42.56 
45.22 
46.55 
47.89 
49.22 
50.55 
51.88 
53.22 
54.55 
55.88 
57.21 

25.63 
27.95 
30.26 
31.42 
32.57 
33.73 
34.89 
36.04 
37.20 
38.35 
39.51 
40.67 

21.86 
24.05 
25.14 
26.24 
27.33 
28.43 
29.52 
30.61 
31.71 
32.80 
33.90 

18.95 
19.99 
21.03 
22.07 
23.11 
24.15 
25.19 
26.23 
27.26 
28.30 

15.22 
16.20 
17.18 
18.16 
19.14 
20.12 
21.10 
22.08 
23.06 

12.76 
13.68 
14.61 
15.63 
16.46 
17.38 
18.30 

)          9.49 
L      10.34 

7         ( 

6      : 

5         ; 

r.2( 
r.8; 

\        11.19 
)        12.03 

r      12.88 

*Loads  in  tons  of  2,000  pounds.    Table  based  on  New  York  Building  Laws. 
Formula  used.  S  ■  15,200—68  l/r,  in  which 

5  ^allowable  oompreasive  stress  for  steel,  potmds  per  square  inch. 
/  —length  of  column  in  inches, 
r  M  least  radius  of  gjrration  in  inches. 
Loads  above  or  to  the  left  of  the  sigsag  lines  correspond  to  values  of  l/r  greater  than  120L 
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TABLE  XLVIII  (Continued)* 
Safe  Loads  in  Tons  for  Extra-Strong  Steel-Pipe  Columns. 


Length! 

Sisesof 

pipes. 

8 

9 

10 

11 

12 

13 

11 

13 

in  feet. 

ThickneM. 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

.500 

40 
36 

35.27 
41.44 

47.18 
63.36 

60.59 

72.52 
78.70 

84.45 
90.63 

99.36 
105.54 

111.29 
117.47 

123.23 
129.41 

66.77 

33 
30 
27 

46.07 
50  70 

57.99 

71.40 
76.04 
80.67 

83.33 
87.97 
92.60 

95.26 

99.90 

104.53 

110.18 
114.81 
119.45 

122.11 
126.76 
131.38 

134.04 
138.68 
143.32 

62.62 
67.25 

55.33 

24 

69.96 

71.88 

85.30 

97.23 

109.17 

124.08 

136.02 

147.95 

22 

63.05 

74.97 

88.39 

100.32 

112.25 

127.17 

139.11 

151.04 

20 

66.13 

78.06 

91.48 

103.41 

115.34 

130.26 

142.20 

154.13 

18 

09.22 

81.15 

94.57 

106.50 

118.43 

133.35 

145  29 

157.22 

16 

72.31 

84.23 

97.66 

109.59 

121.52 

136.44 

148.38 

100.31 

14 

75.39 

87.32 

100.74 

112.68 

124.61 

139.53 

151.47 

163.41 

13 

76.94 

88.87 

102.29 

114.22 

126.16 

141.08 

153.01 

164.95 

12 

78.48 

90.41 

103.83 

116.77 

127.70 

142.62 

154.56 

166.50 

11 

80.02 

91.95 

105.38 

117.31 

129.25 

144 . 17 

156.10 

168.04 

10 

81.56 

93.60 

106.92 

118.86 

130.79 

145.71 

157.65 

109.59 

9 

83.11 

95.04 

108.47 

120.40 

132.34 

147.26 

150.19 

171.13 

8 

84.65 

96.58 

110.01 

121.95 

133.88 

148.80 

160.74 

172.68 

7 

86.19 

98.13 

111.56 

123.49 

135.43 

150.35 

162.29 

174.22 

6 

87.74 

99.67 

113.10 

125.04 

136.97 

151.89 

163.83 

175.77 

5 

80.28 

101 . 22 

114.64 

126.58 

138.52 

153.44 

165.38 

177.31 

*Load8  in  tons  of  2,000  pounds.    Table  based  on  New  York  Building  Laws. 

Formula  used,  5s  15.200—58  Vr,   in  wKich 

5k  allowable  compressive  stress  for  steel,  pounds  per  square  inch, 

Iwa  length  of  column  in  inches, 

rs  least  radius  of  gyration  in  inches. 

Loads  above  or  to  the  left  of  the  sigxag  lines  correspond  to  values  of  '/r  greater  than  120. 
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TABLE  XLIX.* 

Safe  Loads  in  Tons   for   Doublb-Extra-Strong   Steel-Pipb 

Columns. 


Lengths 

in 

feet. 


40 

36 

33 

30 

27 

24 

22 

20 

18 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


6.72 
7.03 
8.35 
9.66 


10.98 
12.29 
13.61 


Sizes  of  pipes. 


2H 


3H 


4H 


6 


Thickness. 


436       .552 


.600 


7.37 
9.03 
10.69 
12.35 
14.01 
15.67 


17.33 
18.99 
20.05 
22.31 


12.47 
16.11 
17.93 
19,74 
21.56 


23.38 
25.19 
27.01 
28.83 
30.64 
32.46 


.636 


12.43 
16.30 
20.16 
24.03 
25.96 


27.89 
29.83 
81.76 
33.69 
35.62 
37.56 
39.49 
41.42 


.674 


16.41 
20.52 
24.62 
28.73 
32.83 


34.89 
36.94 
38.99 
41.04 
43.10 
45.15 
47.20 
49.25 
51.31 


710 


20.74 
25.07 
29.40 
33.74 
38.07 


42.40 
44.57 
46.73 
48.90 
51.06 
53.23 
55.40 
57.56 
50.73 
61.89 


,750 


24.32 
31.19 
35.77 
40.36 
44.94 


49.52 
54.11 
56.40 
58.60 
60.98 
63.27 
65.56 
67.85 
70.15 
72.44 
74.73 


.864 


31.65 
39.58 
47.51 


.875 


44.42 
52.47 
60.52 
68.57 


55.43 

76.62 

60.72 

81.99 
87.35 

66.00 

71.28 

92.72 

76.57 

98.09 

81.85 

103.45 

84.50 

106.14 

87.14 

108.82 

89.78 

111.50 

92.42 

114.19 

95.06 

116.87 

97.71 

119.55 

100.35 

122.24 

102.99 

124.92 

105.63 

127.60 

8 


.875 


54.36 
65.12 
73.18 
81.25 


89.32 
97.38 
102.76 
108.14 
113.51 
118.89 
124.27 
126.96 
129.65 
132.33 
135.02 
137.71 
140.40 
143.09 
145.78 
148.47 


*Loads  in  tons  of  2,000  pounds.    Table  based  on  New  York  Building  Laws. 

Formula  used*  5=  15.200— 58  Vr.  in  which 

5sB  allowable  compressive  stress  for  steel,  pounda  per  square  in^. 

<=s  length  of  column  in  inches, 

ra:  least  raditia  of  gyration  in  inches. 

Loads  above  or  to  the  left  of  the  slgMg  lines  correspond  to  values  of  l/r  greater  than  120. 


854 


B  UILDING-CONSTR  UCTION. 


TABLE  XLIX  {Cotttinited)* 

Sapb  Loads  in  Tons  for  Doublb-Extra-Strong  Stbbl-Pipb 

Columns. 


Sises  of  piiws. 

Lengths 

2 

2H 

3 

8H 

4 

4H 

5 

6 

7 

8 

in 
feet. 

- 

Thickness. 

.436 

.552 

.600 

.636 

.674 

.710 

.750 

.864 

.875 

.875 

40 
36 
33 
30 
27 
24 
22 
20 
18 
16 
14 
13 
12 
11 
10 
0 
8 

3.7 

8 

•  «    •  • 

■  «   •   • 

■  •   ■   • 

•  •   ■   • 

■  •  «   • 

•  •   •   • 

•  ■  •   ■ 

•  «   •  • 

•  •  •   • 

•  ■   •   • 

10.31 
15.27 
20.22 
25.17 
30.13 

13.81 
10.04 
24.27 
20.50 
34.73 

16.05 
24.35 
20.88 
35.41 
40.04 

10.87 
29.43 
30.00 
48.57 
54.04 

31.86 
41.57 
61.20 
61.00 

40.64 
53.61 
63.35 
73.08 

82.82 
02.55 
00.04 
105.53 
112.02 
118.51 
125.00 
128.25 
131.40 
134.74 
137.08 
141.23 
144.47 
147.72 
140.13 
140.13 

70.72 

77.10 

83.67 

00.15 

06.63 

103.10 

106.31 

109.53 

112.82 

116. oa 

119.29 
122.53 
125.77 
129.01 
120.89 

7.13 
11.70 
16.46 
21.12 
23.45 

61.32 

67.70 

74.08 

80.46 

83.64 

86.83 

00.02 

03.21 

06.40 

00.50 

102.78 

105.07 

100.15 

8.65 
13.03 
15.22 
17.42 
10.61 

46.47 
52.00 
64.77 
57.54 
60.30 
63.07 
65.83 
68.60 
71.36 
74.13 
76.89 

4.17 

6.17 

8.18 

10.18 

12.18 

14.10 

30.05 
42.57 
45.18 
47.80 
50.41 
53.02 
55.64 
58.25 
60.87 
63.48 

32.61 
35.08 
37.56 
40.04 
42.52 
44.00 
47.47 
40.05 
52.42 

25.78 
28.12 
30.45 
32.78 
35.11 

6.37 
6.06 
8.55 

21.80 
24.00 
26.10 

16.10 

7        1 
6        1 

5        ] 

L0.13 
11.72 
L3.31 

18.2 
20.2 
22.2 

0 
0 

1 

« 

4 
{ 

t 
% 

10.5; 

J2.7' 

r 
r 

3: 

3( 
41 

r.i 

I.] 

15 

rs 

11 

*Lbads  in  tons  of  2.000  pounds.    Based  on  Chicago  Building  Laws. 

Poitnjla  used.  5ax  16,000—  70  '/r,  in  which 

5a allowable  compressive  stress  for  steel,  pounds  per  square  inch. 

Is  length  of  column  in  inches. 

ras  least  radius  of  gyration  in  inches. 

Maximum  allowable  compressive  stress^  14,000  pounds  per  square  inch. 

Loads  above  or  to  the  left  of  the  tigsag  lines  correspond  to  values  of  '/r  greater  than  120. 
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i6.    THE  ADHESIVE  RESISTANCE  OF  NAILS. 


TABLE   L.* 


Tests  op  the  Adhesive  Resistance  of  Smooth  and  Coated 

Nails. 


Description  of  nails. 

Test 

Length 
driven, 
inches. 

Adhesive 
resistance. 

Average, 

Number. 

Size  and  name. 

Diameter, 
inches. 

Total 
length, 
inchi^s. 

total 
pounds. 

pounds. 

lOd  Common,  Smooth 

.145 

2.99 

2.50 

136 

11.9S0 

lOd        • 

.145 

2.99 

2.50 

144 

167 

lOd 

.145 

2.99 

2.50 

220 

lOd  Coated 

.117 

3.00 

2.50 

414 

12.058 

lOd       • 

.117 

3.00 

2.50 

406 

418 

lOd      " 

.117 

3.00 

2.50 

435 

9d  Common,  smooth 

.132 

2.83 

2.25 

226 

11.991 

9d        •• 

.132 

2.83 

2.25 

125 

182 

9d        " 

.132 

2.83 

2.25 

196 

9d  Coated 

.114 

2.68 

2.25 

345 

11.992 

9d      • 

.114 

2.68 

2.25 

318 

327 

9d      " 

.114 

2.68 

2.25 

317 

8d  Common,  smooth 

.132 

2.52 

2.00 

146 

11.993 

8d        " 

.132 

2.52 

2.00 

228 

189 

8d      ••         r 

.132 

2.52 

2.00 

192 

8d  Coated 

.112 

2.39 

2.00 

322 

12.044 

Sd      " 

.112 

2.39 

2.00 

318 

310 

■ 

8d       ■ 

.112 

2.39 

2.00 

309 

6d  Common,  Smooth 

.097 

2.05 

1.625 

100 

11.998 

6d         ■               ■ 

.097 

2.05 

1.625 

112 

100 

Cd 

.097 

2.05 

1.625 

105 

6d  Coated 

.092 

1.94 

1.625 

214 

12.0:>9 

6d       ■ 

.092 

1.91 

1.625 

218 

220 

Cd      • 

.092 

1  94 

1.C25 

• 

247 

^Report  of  tests  made  with  the  United  States  testing-machine  at  Watertown  Arsenal,  Water- 
town,  Mass..  June  31).  and  August  5  and  10,  1902,  for  the  J.  C.  Pearson  Company.  Boston,  Moss. 
All  nails  were  driven  at  right-angles  to  the  groin  of  the  wood  and  all  driven  into  the  same  stick. 
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17.   POINTS  THAT  SHOULD  BE   CONSIDERED   IN 

SEI^CTING   OR  DESIGNING  JOIST-HANGERS 

AND   WALL-HANGERS.* 

Difftretil  Types  of  Hunters.  Although  wrought-iroii  and  steel  sdrrups  have 
for  a  long  time  beea  used  for  the  support  of  floor-beams,  headers  and  girders  in 
buildings,  no  complete  tests  to  detemiine  their  carrying-capacity  appear  to  have 
been  made  until  about  three  years  ago  |18991,  when  a  series  o(  t^ts  on  a  common 
stirrup,  a,  "Van  IDom"  hanger,  and  a  "Duplex  "hanger  were  made  at  the  Massa- 
chusetts Institute  of  Technology.  Since  that  time  other  comparative  tests  have 
been  made,  and  last  November  [1Q02|,  a  very  serious  accident  occurred  in  a 
large  warehouse  in  Minneapolis,  due  to  the  failure  of  a  steel  wall-hanger  of  the 
stirrup-type.  This  accident  and  the  tests  above  mentioned  have  led  the  writer 
to  prepare  this  paper,  with  the  view  of  calling  attention  to  the  danger  of  over- 
'looking  the  tendency  to  fail  by  the  bending  of  the  hanger  and  the  crushing  of 
the  wood  in  the  case  of  hangers  of  the  stirrup  type,  and,  incidentally,  to  the 
comparative  advantages  and  disadvantages  of  di£Ferent  hangers. 

Before  proceeding  farther  it  will  probably  be  well  to  describe  the  various 
styles  of  hangers  now  on  the  market. 

The  oldest,  and,  in  this  section  of  the  country,  the  most  common  style  of 
hangers,  is  the  common  stirrup,  forged  by  hand  from  bar-iron  or  steel.  The 
common  shape  of  this  hanger  is  shown  in  Fig.  815,  Wherever  the  beams  to  be 
supported  come  directly  opposite  each  other,  it  is  the  common  practice  to  use 
a  double  stirrup,  fonned  by  welding  together  two  single  stirrups. 


Fie.  »li-    Double  Sdmip-HanccT.  Showlnc  FoUur 


The  V»D  Doca  H>n(«. 


Within  the  past  ten  or  twelve  years,  several  patented  forms  of  stirrups 
have  been  placed  on  the  market  by  different  manufacturers.  The  Gr^t  of  these,  in 
the  point  of  time  is,  I  believe,  the  "Van  Dom"  steel  hanger,  shown,  in  Pig.  816. 


IS  Calondo  Chitptn  of  the 


»u  rud  by  Mr.  P.  B.  Kiddsr  U  *  apedid  nHcting  of  It 
Lit4  of  Architect!.  February  27.  ]£HK1,  uid  cohluIdb  much  that  is  of  inUmt  And 
aoceminff  joiit-bftngen  ud  walE-huiEen.  Thit  sobject  a  an  importwit  bran^  of 
suld  not  be  iligbted  for  othw  dstaili.  Til*  cut!  an  minDduced  b^  courMty  of  the 
\Kt  and  BuU/liKi  Neta, 


8S7 


FL|.  tia.     The  Clerdum  Hangn. 


Fla.  tl«.    The  U>«  Htnon'. 


Fit.  110.    Tbc  Coeti  Hanaa. 
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Flc.  111.     The  Rlseck  Hanier. 


Fii.  >11.    The  Du^ 
by  ll-tnck  BOd  Smal 


ll-tnck  BOd  SmaDs  tlmb«>. 
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Following  ihiscame  the  ■National."  'Cleveland,"  and  '  Lane"  hangers,  shown 
by  Pigs.  817,  S18  and  ttl9.  and  possibly  others.  All  of  the  above,  as  you  will  see, 
are  of  the  stirrup-type,  but  are  bent  and  lot ged  by  nuichinety  itistead  ot  by  hand, 
the  material  u^ed  being  a  high  grade  of  mi)d  steel. 

As  a  rule,  Ihcy  are  neater  in  appearance  than  the  ordinary  stinups.  and  are 
in  many  way^  preferable  to  them,  provided  they  are  not  made  loo  light  With 
the  single  exception  of  the  '  Cleveland"  hanger,  none  ot  thc:ie  tormi  ii  made  to 
turn  down  over  the  back  ot  the  carrying-beam.  They  are  all  simply  secured.by 
spikes  to  the  top  and  side  of  the  beam. 

1 


^1.  SI4.     A  Duplei  Watl-Huaet. 

Beddes  these,  there  are  the  "Goetz,"  "Rieseck"  and  "Duplex"  hangers, 
Pigs.  820,  821,  822  and  823,  each  ot  the  first  two  being,  in  effect,  a  short  stirrup, 
but  made  to  let  into  holes  bored  in  the  side  of  the  beam  just  above  the  neutral 
axis;  while  the  last  two  differ  from  all  other  joist-hangers,  in  that  they  are  made 
Ot  annealed  cast  iron,  and  in  an  entirely  different  shape.  These  three  styles  of 
hangers  possess,  in  common,  two  advantages  over  all  hangers  of  the  stirrup- type; 
first,  the  settlement  of  the  floor  and  ceiling  from  the  shrinkage  of  the  carrying- 
beam  is  only  about  one-half  what  it  is  where  the  stimtp  is  supported  from  the 
top  of  the  beam,  and  secondly,  they  offer  no  obstruction  to  the  flooring. 


FIs.  SIS.     A  Duplex  Woll-Hknccr. 

The  matter  ot  shrinkage  is  an  important  consideration  where  the  ceiling  is 
to  be  plastered  and  decorated. 

When  used  in  pairs,  all  the  patent  stirrups  are  connected  by  riveting  th«r 
top  flanges  to  a  steel  plate. 
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The  "Van  Dom,"  "National,"  "Cleveland,"  and  "Lane"  hangers,  when 
used  singly  over  steel  beams,  are  bent  around  the  top  flange  of  the  beam. 

The  "Van  Dorn"  and  "National"  hangers  are  made  into  wall-hangers 
by  riveting  the  top  flanges  to  a  steel  plate,  usually  turned  up  at  the  back,  so  as  to 
tie  into  the  wall.  The  arms  of  the  "Lane"  and  "Cleveland"  wall-hangers  are 
made  long  enough  to  be  built  8  inches  into  the  wall  and  they  turn  up  at  the  back. 
The  "Rieseck"  wall-hanger  is,  made  to  lie  on  a  specially-forged  steel  plate  with 
the  wall-end  of  the  arms  bent  down  into  the  brickwork.  The  "Duplex"  wall- 
hangers,  while  made  on  the  same  principle  as  the  joist-hangers,  are  of  very  differ- 
ent shape,  three  styles  being  shown  in  Figs  824,  825  and  826. 

The  Effects  of  the  Load  on  Hanger  and  Timber,  The  tests  that  have  been 
made  on  single  hangers  of  the  stirrup- type,  that  is,  those  which  are  supported 
from  the  top  of  the  carrying-beam,  show  that  the  first  effect  of  loading  is  a 
compression  of  the  timber  under  the  top  flanges.  Thus,  Mr.  W.  A.  Tyrell,  C.E., 
who  made  a  test  for  Messrs.  Mauran,  Russel  &  Garden,  Architects,  of  St.  Louis, 
Mo.,  last  April  [1902],  says  of  the  wrought-iron  stirrup,  made  from  3  by  %- 
inch  iron,  that  it  began  to  fail  very  early  by  crushing  the  wood  on  the  near  side 
and  rising  on  the  far  side;  and  that  when  the  load  on  the  hanger  reached  3,500 
pounds  it  had  crushed  into  the  wood  about  J^  of  an  inch  and  had  risen  1  inch. 
Under  this  load,  the  tensile  stress  in  the  sides  of  the  stirrup  was  only  1,555  pounds 
per  square  inch,  or  only  about  one-eighth  of  the  safe  working-strength  of  wrought 
iron. 


Fig.  826.    A  Daplex  Wall-Hanger. 

When  the  load  reached  5,000  pounds,  the  hanger  had  bent  to  such  an  extent 
that  it  was  in  danger  of  slipping  over  the  carrying-beam,  and  the  tail-beam  was 
blocked  up.  At  the  time  of  practical  failure,  therefore,  the  stress  in  the  sides  of 
the  hanger  was  but  2,222  pounds  per  square  inch. 

In  the  test  made  at  the  Massachusetts  Institute  of  Technology  in  April, 
1900,  a  common  stirrup,  made  from  %  by  2H-inch  wrought  iron,  bent  and  piilled 
over  the  trimmer  when  loaded  with  13,750  pounds  or  under  a  stress  of  7,333  pounds 
per  square  inch.  Fig.  815  gives  a  pretty  fair  idea  of  the  way  in  which  the  hanger 
bent  and  of  the  extent  to  which  it  crushed  into  the  carrying-beam.  Of  course 
the  hanger  settles  with  the  crushing  of  the  wood  and  the  floor  settles  with  it. 

The  stirrup  tested  at  the  Institute  of  Technology,  although  it  had  a  smaller 
sectional  area,  offered  greater  resistance  to  the  bendiing  than  one  tested  by  Mr. 
Tyrell,  probably  because  the  carrying-beam  was  only  one-half  as  thick  in  the 
former  case  as  in  the  latter. 

Theoretically,  the  wider  the  carrying-beam,  the  greater  will  be  the  bending 
moment  on  the  top  of  the  stirrup;  but  as  soon  as  the  iron  lifts  off  from  the  back 
edge  of  the  beam,  then,  of  course,  the  bending  moment  is  concentrated  near  the 
front  edge.  The  tests  previously  referred  to  show  that  the  patent  stirrups  fail 
in  the  same  manner  as  th6  common  stirrups,  that  is,  by  the  crushing  of  the  wood 
and  the  straightening  out  of  the  top  flanges. 
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Thus,  a  6  by  12-inch  "Von  Dora"  hanger  began  to  straighten  out  under 
a  load  of  13,300  pounds,  and  failed,  that  is,  slipped  oS,  under  a  load  of  18,750 
pounds,  showing  a  httle  greater  resistance  to  bending  than  the  common  sCimtp. 
The  "Van  Dom"  hanger  was  spiked  to  the  carrying-beam  with  two  spikes  in 
each  top  Hangc,  and  three  in  each  side  flange.  In  the  test  made  by  Mr.  Tyrell,  a 
10  by  14-inch  "  Van  Dom  "  hanger  crushed  down  the  wood  at  the  near  side,  and 
rose  at  about  %  of  an  inch  at  tbe  ends,  under  a  load  of  5,500  pounds.  This  hanger 
also  was  spiked  to  the  carrying-beam. 


Fit.  tn.     llanfer  that  PiUtd  in  Mlnacapolli.  Ulan..  WkrOuUK. 

The  Van  Dorn  Iron  Works  Company  report  a  test  in  which  a  load  of  50,000 
poundf  was  supported  by  four  of  their  3  by  14-inch  hangers  without  the  least 
observable  effect  on  the  hangers;  but  in  this  case  the  timbers  were  of  oak,  which 
of  all  the  framing. timbers,  offers  the  greatest  resistance  to  crushing  across  the 
grain,  and  the  load  did  not  reach  the  point  at  which  the  hanger  began  to  fail  in 
the  t£st  made  by  the  Massachusetts  Institute  of  Technology. 

The  shape  of  the  hanger  which  failed  in  the  Minneapolis  warehouse  was 
the  same  as  that  of  the  "National"  hanger,  and  the  hanger  itself  appeared  to 
have  been  made  from  a  2  by  4  by  K-meh  steel  angle,  and  to  have  had  the  4-inch 
flange  sheared  and  bent  to  the  shape  shown  in  Fig.  827,  and  the  2-iijch  flange 
entirely  cut  off  under  the  seat  for  the  beam.  The  top  of  the  hanger  was  riveted 
to  an  8  by  16  by  ^-inch  plate  by  four  }^-inch  rivets  through  the  2-inch  flange. 
A  smalt  angle-bar  was  also  riveted  to  the  rear  edge  of  the  wall-plate. 
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According  to  figures  and  sketches  prepared  for  the  Engine«rin£  Netes  by 
Mr.  G.  A.  Turner,  M.  Am.  Soc.  C.  E.,  of  Miimefipolis,  Minn.,  the  actual  load  on 
the  hanger  that  failed  was  about  15,000  pounds  and  failure  was  due  to  the  crush- 
ing of  the  inner  edge  of  the  brick  wall  under  the  hanger  and  to  the  bending  af  the 
latter  until  it  was  pulled  out  of  the  wall. 

Fig  828  shows  the  appearance  of  the  hanger  after  failure,  and  also  the  dis- 
tortion in  the  wall-plate,  which  was  too  thin  to  distribute  the  load  evenly  over 
the  wall. 

Attention  is  also  called  to  the  manner  in  which  the  bottom  of  the  hanger  was 
bent.  This  detail  of  the  failure  illustrates  another  weak  point  to  be  guarded 
against  in  all  stirrups,  where  the  beam  is  8,  10  or  12  inches  wide.  In  this  partic- 
ular instance  the  beam  was  12  inches  wide,  and  supported  on  a  shelf  4  inches 
wide,  ^  of  an  inch  thick  and  12  inches  between  supports.  The  total  symmetrically 
distributed  load  for  which  the  beam  was  designed  was  38,500  pounds,  which  would 
give  a  reaction  or  load  of  19,260  pounds  on  the  hanger  at  each  end  of  the  beam. 
"Considered  as  a  uniformly  distributed  load,  this  reaction  would  produce  a 
bending  stress  in  the  shelf  about  ten  times  the  ultimate  strength  of  the  steel. 
The  shelf  would,  therefore,  be  bent  down  so  that  the  joist  would  bear  only  along  the 
side  et^es,  and  these,  in  turn,  would  be  crushed  until  the  hanger  became  virtually 
a  suspension-band.  The  stress  in  this  band,  practically  pure  tension,  with  a  sag 
of  1  inch,  would  amount  to  nearly  30,000  pounds  on  a  section  of  1  square  inch."* 
When  a  steel  stirrup  cannot  fail  by  bending  and  slipping  from  the  support, 
it  is  most  likely  to  fail  by  breaking  at  onB  of  the  bottom  angles.  At  this  point 
the  shear  is  equal  to  one-half  the  load  on  the  stirrup,  and  owing  to  the  bend  in 
the  steel  or  iron,  this  is  usually  the  weakest  part  of  tiie  metal. 

In  the  warehouse  at  Minneapolis,  the  upper  floor  in  falling  carried  with  it 
the  Ave  floors  below,  and  the  hangers  supporting  these  five  floors  failed  at  the 
junction  of  the  bottom  shelf  with  the  bottom  of  the  hanger;  in  most  cases  the 
bottom  of  the  stirrup  was  straightened  down  vertically  as  though  it  were  a  strap, 
hinged  to  one  side.  These  hangers  were  not  as  heavily  loaded  as  those  supporting 
the  sixth-story  floor  beams,  and  probably  had  not  suffered  any  deformation  at 
the  time  the  failure  occurred;  and  the  sudden  shock  caused  the  hangers  to  break 
at  the  weakest  point. 

The  Strength  of  DoiMe  Stirrups.     Although  the  bending-effects  in  a  double 
stirrup  are  similar  to  those  in  a  single  stirrup,  particularly  in  the  bottom  shelf, 
they  cannot  slip  over  the  carrying-beam,  for  the  reason  that  they  are  double, 
and  the  metal  must  necessarily  break,  therefore,  before  the  beams  da  fall.    The 
only  test  on  a  double  stirrup  that  has 
come  to  my  knowledge  ia  one  made  by  the 
Otis  Steel  Company,  of  Cleveland,  Ohio, 
on  November  fl,  1900.    The  stirrup  in 
this  case  was  made  to  receive  two  8  by 
12-inch  timbers,  and  to  rest  over  a  12  by 
14-inch  girder.  The  metal  was  ^  by  2}^- 
inchesin  cross-section,  bent  and  twisted 
in  the  usual  way.    Under  a  load  of 
57,650  pounds  on  both  beams,  the  stir- 
rups broke  at  one  of  the  lower  comers, 
showing  that  the  weakest  point  js  at 
these  comers,  aa  previously  noted 
FI«.8I9.    TbeCominMSUmip-Hanwr.  The  girder  was  compressed  ^fl  of  an 

inch  where  the  stinup  was  applied,  the 
bottom  of  the  stirrupt  bent  14  an  inch  and  the  top  about  the  same  as  shown  in 
Pig.  829. 
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The  tensile  stress  in  the  sides  of  the  stinups  at  the  time  of  faihire  was  15,732 
pounds  per  square  inch. 

The  Strength  of  the"  Goets  "  Hanier.  I  know  of  no  definite  tests  of  the  strength 
of  the  "Goetz"  hangers,  but  have  been  told  that  the  slanting  hook  has  a  more 
injurious  effect  on  the  carrying-timber  than  if  it  were  at  right-angles  to  the  face 
of  the  beam. 

The  circular  section  of  the  hooks  offers  a  greater  resistance  to  a  bending 
stress  than  a  flat  or  rectangular  section  of  the  same  area.  Round  pins  also  do 
not  appear  to  crush  into  the  timber  as  much  as  flat  bars. 

The  Strength  of  the"  Rieseck  Hanger"  I  know  nothing  of  this  handier  except 
what  is  stated  in  the  manufacturer's  circular,  and  no  tests  are  quoted. 

There  is  probably  no  question  as  to  the  strength  of  the  strap,  when  the  beams 
are  not  more  than  8  inches  thick.  The  only  criticism  that  I  have  to  make  is 
the  tendency  to  the  development  of  a  large  bending  moment  on  the  arms  and 
the  relatively  great  leverage  which  they  must  exert  on  the  top  of  the  carrying- 
beam.  If  the  arms  were  solidly  fixed  in  an  unyielding  material,  the  theoretical 
bending  moment  on  each  arm  would  equal  one-half  of  the  load  multiplied  by  one- 
half  of  the  width  of  the  strap.  Practically,  the  bending  of  the  floor-beam  will 
naturally  throw  a  large  proportion  of  the  weight  on  the  outer  edge  of  the  seat, 
and  this  will  increase  the  bending  moment,  and  thus  bring  a  considerable  pressure 
on  the  outer  fibers  of  the  carrying-beam;  and  any  crushing  of  the  latter  will 
still  further  increase  the  bending  moment.  Without  wishing  to  injure  the  repu- 
tation of  the  hanger,  I  do  not  think  this  is  as  good  a  pattern  as  the  "Goetz" 
hanger. 

The  Strength  of  "Duplex"  Hangers.  When  these  hangers  were  first  put  on 
the  market,  many  persons  were  afraid  that,  being  of  annealed  cast  iron,  they 
would  be  unreliable,  and  it  was  also  feared  that  the  holes  bored  into  the  carrying 
timber  would  weaken  it. 

As  to  any  possible  danger  resulting  from  imperfect  annealing,  there  is  this 
to  be  said:  many  millions  of  these  hangers  are  now  in  actual  use  in  buildings, 
a  great  many  of  them  having  been  in  place  from  eight  to  ten  years,  and  the  only 
accident  resulting  from  their  use  that  is  known  to  have  occurred  was  at  the 
Sears-Roebuck  building  in  Chicago,  III.,  where  a  wall-hanger  designed  for  beams 
from  10  by  16  to  10  by  16  inches  in  cross-section  was  used  to  support  a  19  by  16- 
inch  flitch-plate  girder,  loaded  with  pressed  brick  and  cement  weighing  about 
1,000  pounds  per  square  foot. 

I  have  also  been  assured  by  the  manager  of  the  Company  that  every  hanger 
is  thoroughly  tested  before  it  leaves  the  factory. 

The  strength  of  the  "Duplex"  hangers,  as  shown  by  the  carefully  conducted 
tests,  exceeds  that  of  the  stirrup-hangers,  when  made  of  the  usual  thickness  of 
metal,  that  is,  when  the  strength  of  the  stirrup  is  measured  by  its  resistance  to 
bending;   and  they  crush  the  wood  less  than  any  other  hanger. 

In  the  tests  conducted  by  Charles  £.  Puller  at  the  Massachusetts  Institute 
of  Technology,  in  April,  1900,  one  4  by  12-inch  "Duplex"  hanger  failed  under  a 
load  of  13,600  pounds  by  the  breaking  out  of  the  bottom  of  the  hanger. 

Another  hanger  of  the  same  size  failed  under  a  load  of  14,360  pounds  by 
breaking  off  under  the  nipple. 

As  the  safe  distributed  load  for  a  long-leaf  Southern  pine  beam,  4  by  12 
inches  in  section  and  12  feet  in  length,  is  9,600  pounds,  the  end-reaction  would 
be  4,800  pounds,  so  that  the  hangers  have  a  safety-factor  of  about  three  for  that 
length  of  beam;  while  for  a  white-pine  beam  of  the  same  length  the  safety-factor 
would  be  nearly  five. 

A  No.  35,  two-part  "Duplex"  hanger  tested  at  the  same  time  failed  under  a 
load  of  39,550  pounds,  by  one  side  breaking  off  short  under  the  nipple. 

In  the  test  made  by  Mr.  Tyrell,  at  St.  Louis,  Mo.,  a  No.  75  "Duplex" 
hanger  carried  a  load  of  38,000  pounds  without  any  apparent  effect  on  the  hanger. 

I  have  the  statement  frpra  the  Duplex  Hanger  Company  that  they  have 
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tested  their  No.  75  hanger  to  over  60,000  pounds  without  a  sign  of  fracture;  this 
would  be  equivalent  to  a  distributed  load  on  the  joist  of  120,000  pounds,  or  over 
600  pounds  per  square  foot  over  a  12  by  10-foot  area. 

We  will  now  look  at  the  effect  on  the  carrying-beam  of  the  holes  bored  for 
the  nipples. 

In  the  case  of  the  two  4  by  12-inch  hangers  tested,  the  load  had  no  injurious 
effect  on  the  header  except  to  slightly  compress  the  bottom  of  the  hole.  In  the 
case  of  the  No.  35  hanger  a  slight  longitudinal  crack  appears  to  have  been  devel- 
oped about  opposite  the  center  of  the  holes  and  the  bottom  of  the  holes  to  have 
been  compressed  about  -f^  of  an  inch. 

During  the  test  of  the  No.  75  hanger,  at  St.  Louis,  when  the  load  reached 
27,360  pounds,  a  slight  crack  was  developed  in  the  girder  between  the  spools, 
and  extended  a  short  distance  on  both  sides.  Under  the  final  load  of  38,000  pounds 
this  crack  increased  slightly  in  length  and  width,  and  the  washers  on  the  far  side 
sank  about  J^  of  an  inch  into  the  timber.  The  joist  was  crushed  about  3^  of  an 
inch  where  it  rested  on  the  hanger. 

Prom  these  tests,  and  from  general  observations  taken  where  the  hangers  have 
been  used  in  actual  construction,  the  holes  for  the  spools  do  not  appear  to  have 
any  injurious  effect  upon  the  carrying-beam,  until  the  loads  exceed  the  safe  loads 
for  the  timber  beams  and  girders. 

The  only  case  in  which  the  weakening  effect  of  these  spools  need  to  be  con- 
sidered is  the  one  where  a  number  of  the  larger  hangers  are  used  close  together; 
and  in  this  case  it  would  seem  wise  to  increase  the  thickness  of  the  carrying- timbers 
sufficiently  to  make  good  any  weakening  effect  of  the  holes.  This  would  also  be 
true  in  regard  to  the  "Goetz"  and  "Rieseck"  hangers. 

Conclusions.  The  conclusions  that  may  be  fairly  drawn  from  the  preceding 
analysis  are  in  part,  at  least,  as  follows: 

(1)  It  is  impossible  to  determine  the 
s~fe  carrying  capacity  of  a  stirrup-hanger 
directly  from  the  tensile  strength  of  the 
Steel  or.iron,  unless  better  provision  is 
made  for  uniformly  distributing  the  load 
over  the  top  shelf.  The  ideal  stirrup  would 
be  constructed  with  a  bracket  above  the 
hooks,  as  in  Pig.  830,  strong  enough  to 
prevent  the  latter  from  straightening;  and 
in  this  case  the  full  stress  would  be 
thrown  on  the  lower  angles  of  the  steel  or 
iron.  This  has  been  attempted  to  some 
extent  in  the  "National"  hanger. 

(2)   It  is  not  advisable  to  use  less 
than  a  ^-inch  thickness    of  metal    for 
common    stirrups,    except    where    light 
beams  are  to  be  supported. 
r3)   The  patent  stirrup-hangers  are,  as  a  rule,  made  too  thin. 

(4)  Wherever  a  stirrup  is  used  to  support  a  heavily  loaded  timber,  or  the  end 
of  a  truss  or  girder,  the  bearing  of  the  metal  on  wood,  the  resistance  to  bending 
or  straightening  of  the  top  hook,  or  flanges,  and  the  shearing  or  tearing  of  the 
metal  at  the  bottom  comers  should  all  be  very  carefully  considered. 

(5)  The  "Duplex"  Hangers  give  ample  strength  for  the  size  of  beams  for 
which  they  are  intended,  except  possibly  where  a  very  short  beam  is  loaded  to 
its  full  capacity,  in  which  case  the  load  on  the  hanger  should  be  computed  and 
compared  with  the  data  given  above. 

The  advantage  of  the  "  Duplex  "  and  "  Goetz  "  hangers  in  lessening  the  settle- 
ment due  to  shrinkage  in  the  carrying-timber  has  already  been  referred  to. 

In  regard  to  wall-hangers,  the  same  principles  apply  to  them  as  to  joist- 
hangers,  the  best  hanger  being  that  which  is  designed  so  as  to  most  perfectly 


Fig.  830. 


Suggestion  for  Ideal  Type 
of  Hanger. 
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distribute  the  load  over  the  bearing-surface  of  the  masonry,  and  which  at  the 
same  time  possesses  the  requisite  tensile  strength  in  the  sides  and  bottom.  For 
distributing  the  weight  on  the  wall,  there  is  certainly  no  wall-hanger  now  on  the 
market  which  approaches  the  "Duplex,"  and  if  steel  hangers  could  be  econom- 
ically made  on  the  same  pattern  they  would  result  in  an  ideal  construction.* 


*Stnce  the  above  article  was  written  a  steel  hanger  has  been  Invented  and  made  according  to 
the  suggestions  of  Mr.  Kidder  in  the  final  paragraph  of  his  conclusions.  This  use  of  hanger  seems 
to  verify  the  predictions  made  for  it  by  the  author,  a  number  of  tests  made  at  Columbia  Univer- 
sity, under  the  supervision  of  Professor  R.  K.  Wilson,  as  well  as  the  fire-tests,  made  under  the 
direction  of  the  National  Board  of  Fire  Underwriters  apparently  demonstrating  its  superiority. 
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Abiea-^ark-disease. 


Abi€S  (se«  Fir). 

Abies  balMtnea   (see  Fir.  balsam). 
Abies  nobilis    (see  Fir,   noble). 
Acer    (see   Maple). 

Ackerman    &    Ross,    design    for    veneered 
doors*  390. 

doors    and    door-jambs,    40^. 

double-hung    windows,    design,     186. 

entrance-doors  and    frames,    390. 
Adler  &  Sullivan,  suspended  floors,  706. 
African   teak    (see  Teak). 
A^ricola,    derivation   of    Calamine,    416. 
Air-locking   devices,    revolving    doors,    397. 
Air-seasoning  of   lumber,    12. 
Alder,    red,    characteristics,    qualities    and 

uses,  73. 
"American      Architect,'*      details,      joininfir 
frame  to  walls,   304. 

furniture-dimensions,    517. 

"Interior  Woodwork,"  443,   480. 
"American  Architect  and  Building  News," 
856. 

cuts  of  hangers,  856. 
American  cypress.   50. 
American   holl^    (see   Holly,   American). 
American   Institute   of   Architects,    "Stand- 
ard Documents,"   743. 
American  Mason  Safety  Tread  Co.,  safety- 
treads,    $01. 
American  Screw  Co.,  drive-screws,  545. 
American    Steel    &   Wire   Co.,   number   of 

nails   to   pound,    541. 
American   Veneei*^  Co.,    veneer-woods,   84. 
Anchoring  joists  in  galleries,  674. 
Anchors,   beam,    1 14. 

beam-rdeasing,    118. 

beam,    specifications    for,    761. 

box.   736.   737.   738.  . 

building-code  regulations,   no. 

frame  and  stone  walls,   304. 

girder,   114. 

metal-covered   window-frame,   419. 

wall,  114,  304. 

importance  of,    119. 
location,    116,    117. 
Angle-beads,    360.   483. 

specifications    tor,    773. 
Angles,   cold-rolled   metal,   428. 
Annual  rings,   3,  4,   6. 

arrow  or  V-shaped,   4. 
Apple,  crab,   properties  and  uses,   72, 
Aprons,  specifications  for,  769. 

window,   411. 
Arches, 

false,  construction  of,  359. 

furring  of,  35 7^ 

"Guastavino,^*^  671,    673. 

specifications  for,  762,  775. 
Architect,   specifications,    744. 
Architrave,    door,   404. 
Area-walls,    framing   and    supporting,    702, 
703. 


^ 


Art    Metal    Construction    Co.,    sheet-metal 

doors,  422. 
Asbestos,   hollow,   metal,   door-construction, 
423. 
hollow,  steel  doors,  426. 
lining  for,  427. 
Ash, 

black,  "buris,"  m. 
character,  qualities  and  uses,  53. 
veneers,   53. 
blue,   characteristics,   qualities  and   uses, 

53>  54* 
"brown"  (see  Ash,  black), 
flooring  made   from,   520. 
green,  character  and  qualities,   54. 

"white,"   southern  name^   54. 
Oregon,    character,    qualities    and    uses, 

red,   character,    qualities   and   uses,    53. 
white,  character,   qualities  and  usa,   53. 

Ash-box,   specifications   for,    781. 

Aspen   (see  Poplar). 

Assembly-halls,  gallery-construction  for, 
676,    677,    680.         , 

Associated  Metal-Lath  Mfrs.,  stucco-finish 
details,  3o%i 

Association  of  Railway  Superintendents, 
working-stresses,  metals  and  woods, 
841.  842. 

Astragal   moldings,   double   doors,   385. 

Asylums,  locks  for,  598. 

Atlanta,  Ga.,  Carnegie  Library,  door- 
frames, 405. 

Awning-blinds,  462. 

Awning-hinees,   automatic,   651. 

Awnings,  Venetian  blinds  combined  with, 
461.  * 


Back-bends,  413. 

door-frames,  406. 
Back-plastering,  how  applied,  351. 
"Bahama   satin  wood"    (see   Satin  wood). 
Bailey,    L.    H.,    "Cyclopedia    of    Amerkan 
Horticulture,"   varieties  of  timber,   37. 
Balconies,   porch,   movable  floors,   314. 

post   supports,    707. 

suspended,   707. 
Balcony-supports,    pipe-column,    697. 
Balloon   frame   (see  Frame,   balloon). 
"Balm  of  Gilead"    (see  Poplar). 
Balsam  (see  Poplar). 
Balsam  fir    (see   Fir,   balsam). 
Balusters,  500. 

porch,  312. 

specifications  for,  77^. 
Balustrade,    cornices  with,   254. 
Bamboos,  2. 

"Bardsley"    single-acting    checking    spring- 
hinge,    56«9. 
Barge-boards    (see   Verge-boards). 
Bark.  2.  .       ^ 

Bark-disease,  m  chestnut  trees,   ^7. 
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Bagn»door«    Bird'i^eje  Kapla. 


Barn-doort,   hangers  for,    576. 
Barrel   bolts,   612. 
Barrel-awings,   pantry,    505. 

"Perfection."   508. 
Barrett     Mfg.     Co.,     diagram     for     wind' 

pressure  on  roofs,   144. 
Bars,  shutter,   648. 
Base,  463. 

connectinj^   with    window-stool,    464. 

construction  of,  465. 

deep,    forming   wainscot,   464. 

dresser,  512. 

metal,  428. 

method  of  putting  on,  464. 

molding  for,  464. 

one-piece,    463. 

overfloor-connection,  464* 

porch-post,   308. 

shrinkage,  464 
avoided,  465. 
'    specifications,    771. 

three-jwrt,   463. 

two-piece,  ^63. 

varieties  ot,   465. 

wainscoting,    469. 

wide.   464. 

widtn,  463. 

with   wainscoting,   468. 
Base-boards,  deep,  463. 

grounds  for,  359. 
Bass  tree   (see  Basswood). 
Basswood,  5,   54. 

"bass-tree,"   54. 

"linden,"   54. 

"linds."  54. 

"tiels,^*   54. 
Bastard-sawed  lumber,  4,  22, 

annual  rings  of,  2^. 
Bathrooms,       Eclipse-metal"    finish,    550. 

fixtures,    specifications    for,    778. 
Bay  windows, 

brick  buildings,   314. 

details,  217. 

general  construction,   213. 

masonry,   213. 

residence   at   Englewood,   N.   J.,   217. 

shallow,   214. 

specifications,    762,    765. 

stone   buildings,   214. 

stone   lintels,   215. 
Beads.  375. 

angle,  483. 
Beam,  Beams, 

anchors  for,  114. 

Bethlehem,  129. 

built-up,  478. 

ceiling    (see    Ceiling-beams). 

collar,   146,   150. 

compound,   common   form,    709. 
keyed,    710.    711. 
strength  ot,  709. 
tests  of,  709,  710. 
wooden,    708. 

concrete,    814. 

coefficients   recommended,   812. 

economical  sixes,  90. 

false,   furring   for   plaster,   358. 

iloor^    104. 

mill-construction,    731. 

iron,    coefficients    recommended,    812. 

keyed,  details  of,   711* 
sixes,  7 IX. 

mill-construction,    anchoring    of,    736. 

nominal  and  standard  sixes,  813. 

relative  strength  of,   812,  813. 

releasing-anchors,    118. 

sixes,  90. 

•olid  wooden,   714. 


Beam,   Beams   (continacd). 
steel,  coefficients  recommended,  8za. 
required   in    heavy    buildings,    126. 
stone,  814. 

coefficients    recommended,    812. 
strength  of,  90. 

ubles  for  strength  of,  814,  815. 
tail,   208. 

trussed,    computing   sixe   of,    715. 
construction,    712. 
deuils  of   "belly-rod,"  713. 
double-strut,  713,   714. 
single-strut,    713,    714. 
stresses  in,   714,   715. 
wail-supports,    114. 
wooden,  checking  prevented,  20. 
coefficients    recommended,   812. 
compound,    708. 

how  constructed,   709. 
strength  of,   811. 

tables   of    safe   distributed    loads,    817, 
818,  819,  820,  821,  822,  823,  824, 
825. 
table  of  strength,   816. 
Bearberry    (see    Shittim-wood). 
Bearing-plates,    dowels   on,   688. 

post-cap,    694. 
Bearing-strength,    woods,   across   the   grain, 

836. 
"Bearwood"    (see    Shittim-wood). 
Bed-moldingSj   376. 
Bedsteads,    dimensions   of,*  518. 
Beech,  blue,   54. 
character,    qualities   and   uses,    54. 
flooring  of.   519,   527. 
ironwood,      54. 
Belfry-framing,    specifications    for,   789. 
Belts,   specifications   for,    749. 
Belt-courses,    292,    293,    296. 
flashed,  298. 
shingle  walls,  398. 
wooden,   298. 
"Bcrger"  hangers,   260,   a63. 
"Berlin  bronze"  hardware-finish,  547. 
Berwind,    John    E.,    dwelling,    details,    187, 

188,  190,  278. 
Bethlehem   girder-beams,    129. 
Betuia    (see    Birch). 
"Big    tree"    (see    Redwood,    giant). 
Bigger     &    Warner,     house     designed     by, 

259. 
Birch, 
black,   55,  56. 
blue,   55. 
canoe,   55. 

character,   qualities,   and  uses,   55. 
cherry,  56. 
flooring,  519,  527. 
gray,  55. 

mahogany  birch,  56. 
mcrisier,   55. 
merisier  rouge,  55, 
paper  or  bofeau,  55. 
red,   55. 
nyer,   55,   56. 
silver,  55. 
swamp,  55. 
sweet,  55. 
Washington,   56. 
water,   55. 
western,  56. 
white,   55. 
yellow,   5<. 
Birch     finisn.     Auditorium    Hall,     Chicago, 

5S. 
Bird  &  Son,  W.   W.,  sound-deadening  felt, 

347- 
Bird  s-eye  maple,  6,  61. 
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Birkmira.  Wm.  SL—Boicwood. 


Birkmire,    Wm.    H.»   construction   of   thea- 
ters, 670. 
theater-design,   673. 
"Bitter   bark'^  (see   Shittim-wood). 
Blackboards,  482. 
Blind-fasts,   (/$!, 
mortise,  653. 
outside,   651. 
Blinds,  adjusters  for,  653. 

catches  for,   653. 
Blinds,    inside    (see   also   Shutters,    inside; 
Blinds,    Venetian),    442. 
cost  of,  463. 
rolling,  450. 
details  of,  451. 

sliding  blinds   used   with,   450. 
steel,  451.' 
selection  of,  463. 
sliding,  4^7. 
balanced,  ^48. 

brick    buildings,    9-inch    walls,    449* 
cost  and  iinisn,  448. 
frame-buildings,  449. 

fuideways,  448,  449- 
eight  of  sections,  448. 

hinged  stool,  449* 

number  of  sections,  448. 

office,  448. 

panel-rack,  448,  449. 

pockets   for,   448. 

schoolroom,  448. 

sections  of,  448,  449. 

specifications.  772. 

stool,   hinged,'  i48,   4^9. 

spring,  studs,  a**  x  4  ,  450. 

studs,   2"  X  6**,  450. 

weighted.   3-section,   449. 

window-tramcs,   448. 
Venetian,  459. 

advantages  of,  459. 

awning  combined  with,  461,  462. 

balanced,   461. 

details    of   hanging,   461. 

English   type,   459. 

finish  ana  materials,  460. 

light  and  air-regulations,  459. 

operation  of,  460,  461. 

pockets  for,  4^0,  461. 

specifications    for,    772. 

•'victoria"  blind,  460. 

width  of  slats,  460. 

"Wilier,"  461. 

"Wilson,"  459,  461. 
Blinds,   outside   specifications   for,   757. 
Blind-workers,   653. 
Block-and-miter   finish,   406. 
Block-and-pilaster  finish,   367. 
Block-finisn,   door-openings,   400,   404. 
Board-measure,    table    of    equivalents,    843. 
Board  of  Fire  Underwriters,  approved  hcl- 

Ipw-metal  window-frame  and  sash  con- 
struction, 430. 
permissible   unit  stresses,   840. 
Boards, 

bastard-sawed,  4. 

shrinkage  of,  20. 
built-up,   joints  in,   373. 
center-beaded,  368. 
double-beaded,   368. 
hard-wood,  method  of  cutting,  24. 
honevcombed,   15. 
matched,    368. 
matched-and-beaded.   368. 
one  inch   and  less,   how  sold,   2j, 
quarter-sawed,   23. 

shrinkage  of,   20. 
shrinkage   counteracted,    20. 
Bois  d'  Arc  (see  Osage  orange). 


869 


Boleau    (see   Birch,   paper). 

"BoUes'  "  patent  revolving  sash,   198,   199. 

Bolt,  Bolts, 

barrel,  bent  staple,  612. 

button-head,  546. 

chain,  612,  613. 

common  round,   546. 

"Cremorne,**  611. 

cupboard-door,    specifications    for.    782. 

dead,   ^92. 

door,   indicator-dials,   624. 

double-door,  613,  615,  550. 

double-exit   door,   617. 

espagniolette,   644. 

extension,  614. 

face-plates   for,   615. 

flush,    double-door,   614. 
Dutch-door,  616. 
face-plate   for,  6^5. 

French-window,  616. 

"Gem,"  612. 

knob,   591,   592, 


lock.   586,  657. 
machine,  546. 


mortise,   "Gem,"  612. 

mortised,  612. 

opening  outward,   617. 

panic-exit,  616. 

patterns  of,  611. 

rolled-thread,    546. 

specifications   tor,   665. 

square,   612. 

square-case,  612. 

"SUnley."  615. 

store,  616. 

stove,   546. 
Bommer    Brothers,    automata,    latch,    570. 

"Bommcr"    hinge,    563. 

double-action    spring-hinges,     561. 

hardware-data,    539. 

hinges,   621. 

pivot-hinges,    568. 
"Bommer"   spring-hinge,   562,    563. 
Bookcases,  ^10. 

door-hangmg  for,  512. 

pivoted   doors   for,   512. 

pivoted   hinge,   51^. 
Boring   &   Tilton,    double-hung-window    de- 
sign, 186. 
"Boston"   finish,    hardware,    547. 
Boston    Manufacturers'    Mutual     Fire    In- 
surance    Co.,     mill-construction     advo- 
cated,  725. 
Boston,   Mass.,  building  laws,  combination- 
framing,   99. 

grammar-school        building,       cornice-de- 
sign, 272. 

Jordon-Marsh      building,      hollow,      steel 
doors,  427. 

Mechanics'   Hall,   gallery-framing,   677. 

Youth's    Companion    building,    suspended 
floor   and   sidewalk,    707. 
"Boston    method"    stair-construction,    490, 

537. 
Boucherie's    process    of    preserving    wood, 

35- 
Bower- Barft,    hardware-finish,    548,    658. 
Bowled  floors    (see  Floors,  bowled). 
Box  anchors,  736,  737,  738. 

"Goetz,"    736. 
Box  casing,  window,  410,  4x1. 
Boxed  ratters.  252. 

Boxelder  maple  (see  Maple,  boxelder). 
Boxes,  wall,  117,  118,  X19. 
Box  frames,  184. 

Box  heads,  specifications  for,  756. 
Boxwood,  72. 
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Ro]r<l,    D.   K..   detign   and  details  of   dor- 

mer  window,    158,   159. 
Braced  frame   (see  Frame,  braced). 
Braces,   loi. 

effective  angle,   103. 

effective  location,    103. 

metal,   wooden  posts  and  girders,   701. 

size   governed   by   studding,    loi. 

wood  and   metal,   con\parative  size,    70s. 
Bracing,    knee,    cast-iron,    700,    701. 

post   and    girder,    best   method,    700. 
Brackets,    coiling   partition,   453. 

cornice,    278. 
Brads,    S40> 

miter,  4x4. 

parquetry-flooring,   535. 

used   in   doors,   384. 
"Bradshaw"       reversible       window-fixture, 

200. 
Brass,   composition   of,    548. 

hardware,  548. 
Braun,   J.    G.,   one-piece   door-frames,   428. 
Brick,  salmon,   fire-stops  ofj  350. 
Brickwork,   cornices   built   in,    294. 

painting   new   exterior,   79s,   800. 

repainting  old   exterior,   000. 
Brick-veneer  wall,  common  tie  for,    116. 
Bridgehampton,    N.    Y.,    John    E.    Berwind 

house,  details,  187,  188,  190,  278. 
Bridges,    building-operations,    721,    722. 
Bridging,    108. 

advantage  of,    109. 

heavy  noors,   669. 

partition,    140. 

specifications  for,   747.   761. 
Briercliff    Manor,    N.    Y.,    wooden   mantel, 

517- 
British   Columbia  pine**    (see   Douglas  fir). 
"British   oak*'    (see   Oak,    English   brown). 
Broad-leaved      trees      and      "Hardwoods,** 

classifications,    5,   52,    363,   364. 
deciduous,   52. 
kiln-drying,    14. 
output,    53. 
prices  of,  53. 
strength  of,  52. 
supply,   52. 
uses  of,  52. 
wood  of,  2,  5« 
varieties  of, 

apple,  72. 

ash,  53. 

basswood,   54. 

bearberry,  76. 

beech,  54. 

birch,    55. 

boxwood,  72, 

buckeye,  73. 

burls,   84. 

catalpa,  73. 

cherry,   56. 

chestnut,  56. 

Circassian  walnut,  82. 

coffee  tree,   73. 

cucumber  tree,  73. 

dogwood,   73. 

elm,  57. 

English  brown  oak,   8x. 

eucalyptus,   73. 

gum,  58. 

hackberry,   74. 

hickory,   74. 

holly,  74. 

honey  locust,  75. 

horse   chestnut,   73. 

laurel,   74. 

lignum  vttae,  74. 

locust,  75. 


Broad-leaved  trees, 
varieties  of   (continued). 

magnolia,  75. 

mahogany,  77, 

maple,  59. 

mesquitc,   75. 

mountain   magnolia,   73. 

mulberry,   75. 

myrtle   tree,  75. 

oak,  61. 

osage  orange,  75. 

persimmon,   75. 

poplar,   68. 

red  alder,  72. 

sassafras,   76. 

satin  wood,   81. 

shittim-wood,  76. 

silver  beel  tree,  76b 

sycamore,  69. 

teak,   81. 

tulip    poplar,    71. 

walnut,    70. 

whitewood,   71. 

wiHow,   76. 

yellow  poplar,   72. 
Qronze,  alloys  of,  547. 
composition  of,  548. 
Bronze  hardware,   549. 
Brooks,    Cxovemor,    roof-outlines    of    house 

of,   152. 
Brown,   A.   Page,   suspended   floors,   706. 
Brown    &    Co.,    E.    E..    sash-weights,    635. 

636. 
Buck,   wood,   brick  wall,  421. 
Buckeye,    California,   73. 
Ohio,   73. 
"sweet,**  73. 
Builders'    hardware,    339- 
Building,   Buildings, 
brick,  cornices   for,   270,  272. 

door-frames  for,  240. 

door-openings  in,   112. 

floors  of,   1x0. 

girders    for,    703. 

^tters.  260. 

joists   oeveled,    X14. 

wall-plates  for,   120. 
commenced  in   spring,    13. 
cracks  in,  cause  of,    13. 
fire-proof,    metal   finish,   414. 

parquet-floorinff  for,   533. 
fire-resisting,     hollow,    metal    trim, 
five-story,   column-sizes,  687. 
floor- framing,   668. 
frame,   8[utters   for,    260. 
furring  in  fire-proof,   351. 
furrin8[  of,   352. 
inspection  of,   166. 

masonry,     cheap,     wooden     gutters     for, 
281,  282. 

wooden  cornices,   281,   282. 
metal   trim   for   fire-proof,   414. 
mill  construction  in,  682. 
non-fire-proof,    668. 
public,    revolving   doors    for,    394. 
roofs,   sheathing  for,   168. 
safety    of,    architect    responsible,    89. 
side   walls,   sheathing   for,    168. 
stone,   cornices   for,   270. 
superintendence  of,    164,    x6s»    x66. 
ventilation    handicapped,    394. 
wooden,    covering,    299. 

floors  of,    103. 

outside  walls,  91. 

superintendence  of,   164. 

window-openings,    112. 
"Building     Age,**     cornices     and     gflttert, 

281. 


422. 
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"Btiilding  Age"  (continued), 
wooden  cornices,  266,  26S,  279,  2S1,  2B2, 
283. 
Building     Construction    and     Superintend- 
ence,  Part  I,  masonwork,  745. 
"Building  I>etails,"  by  F.  M.  Snyder,  con- 
struction of  jjable,  295. 
cornice  and  frieze,  276. 
cornice,  ventilator,   dormer,  etc.,  277. 
door-frames  and  doors,  403. 
dormer  window,    161. 
double-hung  window,   i86. 
entrance-doors,  390. 
windows,   206,   215. 
window- frames.    195. 
wooden   mantel,    516. 
Building- felt,  asbestos,   floor-linings,   347. 

cost  of,  348. 
Building  laws^   New   York,   Borough  Man- 
hattan,   sidewalk-sheds,    721,    722. 
Boston,    Mass.,   combination-frame,   99. 
Chicago,    III.,    metal   trim,   415. 

root-requirements,    151. 
Denver,    Col.,   fire-proof   finish,   415. 

headers  rrauired,   120. 
New  York  City,  fire-proofed  wood,  415. 
metal    finish    of    buildings,    414,    4x5. 
public  staircases,  489. 
roof -requirements,    151. 
Sidewalk-sheds,    721,    722. 
permissible   tmit  stresses,   840. 
Philadelphia,   Pa.,   mill-construction,   741. 
San   Francisco,   CaL,  metal  trim,  415. 
wall-anchors,    1x6. 
Building-materials,  wood,    i. 
''Building     Superintendence,"     by     T.     M. 

Clark,  compound  beams,  710. 
Bulkhead-construction,    cellar-stairs,    244. 
Bulkheads,  outside  cellar-stairs,  245. 

specifications  for,  76^. 
"Bulldog,"  casement-adjuster,  648. 

sash-adjuster,  647. 
Bureaus,   dimensions  of,   ^18. 
Burlington     Venetian     Blind     Co.,     blinds, 
rolling,  4^0. 
Venetian  blinds,  459. 
Burls,  ash,  black,  53. 

wood,  grain,   uses,  etc.,  84. 
Burnett's   process,    preserving   wood,    35. 
Butler's   pantry,    fittings,    504. 

specifications  for,   776. 
Butternut   (see  Walnut,  white). 
Buttonball   (see  Sycamore). 
Buttonwood  (see  Sycamore). 
Butts   (see,  also.   Hinges), 
ball-beanng    washers,    for    heavy    doors, 

beveled  knuckles.  557. 
blank,   "Chicago,^*   567. 

"Chicago,"  double-acting,  565. 
Bower-Barffed,   558. 
brass,   558. 
bronze,  «s8. 
bronze-pfated-steel,  558. 
cast,  546. 

cheaper  grades,  5^8. 
double-action,  spring,  561. 
fiber- washer,  with  shoulder,   560. 
hollow,  metal  door,  424,  426. 
hollow,  steel  door,  439. 
inside  shutter,  648. 
installation,  657. 

I'apanned,  558. 
inds,   description   of,   554. 
loose-; oint,  554.  555- 

rights  and  lefti,  555. 
loose-pin,  554. 

advantages,  555,  557. 


Butts  (continued), 
materials  used,  558. 
mortise,  floor,  503. 
number  of,  to  door,  560. 
"parliament,"  648. 
pivoted,  567. 
plated  steel,  553. 
plating  of,  547* 
polished  steel,  553. 
self-lubricating,   558. 
size  of  in  relation  to  doors,  560. 
specifications  for,  665. 
spring,  55 1. 

"Chicago,"    double-acting,    565. 

"Chicago,  Triplex,"  565,   567. 

double-action,  561. 

single-action,  571. 
"Stanley"  ball-bearing,  559. 
"Stanley"  ball-bearing  washer,  559. 
steel-bushed,   558. 
washers  used  tor,  559. 
wrought-steel,  558,   560. 


Cabinets.  510. 

chains  tor,  513. 

elbow-braces,   513. 

hanging  doors  of,  512. 

pivoted  hinges  for,  513. 
(^binet-work,  20. 

door-frames,  401. 

dovetailed  joints,  ^70. 

glued-and-blocked  joints,  371. 

glue  used  in,  372. 

Hinges  for,  554. 

mitered  joints,  369. 

screws  for,  543. 

wainscoting^  467. 

wood  for,  30. 
Cabot,    Samuel,    sheathing-quilt,    345. 
"Cabot's"    deadening-quilt,    141. 

sound-insulator,   349. 
Cadmia,  416. 

Calamine    (see   Kalamein). 
Calamus,  416. 

Calcimine,  plaster  and  cement,  80^. 
Calderwood,   Tames,  data.  Mechanics*  Hall, 

Boston,   Mass.,   677. 
Caldwell   Mfg.    Co.,  door-holders,   627. 

sash-balances.  638,  639. 
California   buckeye    (see  Buckeye,   Califor- 
nia). 
"California   white   pine"    (see   Pine,    west- 
em  yellow). 
Cambridge,  Mass.,  residence  of  A.  C.  Pot- 
ter, cornice-details,  314. 
Campbell  &  Bantossel,  metal-covered  wood- 
work, 415. 
Ragf 


Campfield   Raggle-Block   Co.,    raggle-blocks, 

331' 
"Canadian  red  pine"   (see  Pine,  Norway). 
"Canoe   cedar"    (see   Cedar,   western   red). 
Cantilever,  raking,  673. 
Cap-plates,    bearing-area,^  example   of,    693. 
method  of  determining,  692. 

cast-iron,  thickness  of,  695. 

cylindrical  posts,  693. 

different  forms,  693. 

hollow,  continuous-girder,  694. 

proportions  for,  694. 

square-topped  posts,   693. 

steel,  thickness  of,  695. 
Capitals,    wood-column,   481. 
Caps  (see  Post-caps),     (see,  also.  Capitals.) 
Carborundum,  safety-treads,   501. 
Cariniana   piriformis    (see   Mahogany,   Co- 
lombian). 
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CarinioHa  wood,   cbaracterUtkf  of,   79. 
Camahan    Manufacturing   Co.,    flush    door, 

^      39^.  394-    ■ 

Carnegie     Library,     Atlanta,     Ga.,     door- 
frames, 405. 

door-jamba,  403. 
Carpenters'  work,  at  building,  366. 

brick  buildings,  759. 

frame  buildings,  745. 

specifications  for,  745,  75^. 
Carpentry,   compared    with   joinery,    367. 
Carpet-stnps,  base,  connection  to,  464. 

specifications,  77a. 
Carriages,  sUir,  484,  490,  496,  538. 
Carving^  door,  389. 

specifications  for,  750. 
Case-hardening,   hardwoods,    15. 
Case,  of  lock,   583. 
Casement    Hardware     Co.,     saah-adjusters, 

647. 
Casement-window  holder,  647. 
Casement- windows,   175,  215. 

adjuster  for,  647. 

brKk  or  stone  wall,  211, 

construction  of,  203. 

details   for   weather-tight   ioints,   a  10. 

double-hung,  hollow,  metal,  429. 

double-sash,    exposed   position,    308,    aio. 
hardware,  644. 

"Eastern"    method,    ao4. 

"Economic"  metal,  a  10,  31  a. 

"English"     method,     sash     swinging     in, 
303. 

frame  wall,  sash  opening  out,  309. 

hollow,   galvanized-iron,   441,   443. 

hollow,  metal,  429. 

I'Ideal,"  a  10. 

inexpensive  designs,  308. 

jamb-detail,  310. 

masonry  wall,  sash  opening  out,  307. 

metal,  308,  an. 
condensation-gutter,   310. 
jamb  of,  311. 

metal-covered  sashes,  423. 

mortise-lock,  644. 

rebates,  304. 

sashes  opening  in,  304. 
jamb  and  snl-details,  30<. 

sash  opening  out,  303,  300. 

single-sash,  nardware,  644. 

specifications,  755,  785. 

thickness  of  frame,  305. 

various  details,  308. 

wainscoting  for^  472. 

weather-proof  sill,  305. 
Casings,  core  for  bronze-covered,  413,  418. 

door,  404,  408. 
metal,  428. 

door-frame,  406. 

doweled,  413. 

heavy,  407. 

horizontal  rollinif  partition,  454. 

mitered  and  splmed,  413. 

mitered,  colonial  type,  410. 

pilaster,  407. 

sections  and  caps,  407. 

shutter,  inside,  443. 

stockf  \79, 

"straight-joint,"  406. 

window,  408. 
butt-jotnts,  367. 
metal,  428. 
wainscoting.   470. 
Castanea   (see   Chestnut). 
Catalpa,  characteristics,  qualitiei^  and  uses. 

Catches,   blind.   "Stanley,"  653. 
underneath,   653. 


Catches  (continued), 
cupboard-door,  655. 

{gravity   blind-hinge,  €ii» 
ock,  587. 

screen-door,  633. 

shutter,  65a, 
Cedar, 

AlatMima  red,  closets  of,  $04, 

Florida,  closets,  504. 

incense,  49. 

kiln-drying  of,  14. 

northern  white,  48. 

Port  Orford,  49. 

red  48. 
flooring  from,  537. 

siding  ot,  300. 

southern  white,  48. 

Spanish,  80. 

western  red,  50. 

yellow,  49. 
Cedar  closets,  50^. 

Cedrela  odorata  (see  Spanish  cedar). 
Ctdrus  (see  Cedar). 

Ceiling,    for    horizontal    ceiling    partitions. 
453. 

molded,  specifications  for  771    (sec,  also 
Wainscoting,  molded). 

term  as  us^d  in  this  book,  170. 

thickness  of,  35. 

western  yelldw  pine,  ^3. 
Ceiling-beams,    specifications,   773. 

wood,  built-up,  479,  480. 
Ceiling- joists  (see  Joists). 
Ceilings, 

cross-furring  of,  353. 

firo-proof,  671. 

joist-sizes,  354. 

roof,   flat,   "Eastern"   method,   353. 

space  between  roof  and,  354. 

specifications  for,  761. 

suspended,  353. 

theater,  671. 

wire  lathing  for,  673. 
Cellar,  ^ 

partitions  in,  specifications,  780. 
Cellar   hatchway,   specifications   for,   755. 
Cellar-stairs,    outside,    bulkhead   over,    344, 
245. 

Cellarway,     outside,     bulkhead,     brickwall, 
347. 

construction  of,  344,  346. 
water-table,  346. 
Oment,  exterior,  repainting,  800. 
painting  and  varnishing.  805. 
Portland,  post-plates  beaded  in,  686. 
"Century"   sningles,   asbestos,   337. 
Cercocarfus  (see  Mahogany). 
Chain-bolts,  door,  613,  613. 
Chain  door-fasts,  61  a. 
Chair-rails,  dining-room,  483. 
inspection  of,  537. 
metal.  438. 

S|>ecincation8  for,  7^3. 
Chairs,  dimensions  of,  5x7. 
Chalk-shelf,  483. 
Chamfered  moldings,  376. 
Chamctcyparis  (see  Cedar  and  Cypress). 
Chamacyparis      lawsoniana      (see      Cedar, 

Port  Orford). 
Chamacyparis     nootkatgnsis     (see     Cedar, 

yellow). 
Chanutcyparis  thyoid^s   (see  Cedar,   south- 
em  white). 
Champaign,  111.,  Bumham  Athenaeum,  cor> 

nice,  371. 
Chandler,    F.    W.,    "Construction    Details," 
carpentry,   91. 
window- framea,   180. 
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Channels,  cold-rolled,  428. 

stepping-supports,  671. 
Checks  in  timber,  cause  of,   18. 
end  of  plank,  18. 
formation  of,  18. 
radial,    1 8. 
Cherry,   character  and   qualities,    56. 

flooring,  5x9,  537. 
Chestnut, 

chinquapin,  56. 

common,  56,  57. 

flooring,   520. 

horse    (see    Buckeye). 

tanning  extracts,  57. 

timber,    character   and  qualities,    S7' 

seasoning,  57. 
uses,  57. 
Chestnut  Hill,  Pa.,  residence  Dr.  Marsden, 

entrance-door,  314. 
Chestnut  oak   (see  Oak,  chestnut). 
Cheval-glasses,   dimensions,   518. 
"Chicago"    checking    bumper    and    holder, 

574- 
Chicago,    111.,    Auditorium    Hotel,    finished 
in  birch,   55. 
building  laws,  roof  requirements,   151. 

steel-pipes.  854. 
Schiller   building,   floor-supports,    706. 
Seventh      Regiment      Armory,      metallic 
doors,  426. 
Chicago    Spring    Butt   Co.,    door-bolt,    570. 
floor-hinge,  566. 
hardware,  539. 
hinges    563,   564,   565. 
spring-hinge,  570. 
Chimney, 
counterflashing,  333. 
fire-clay   flue-lining,    356. 
flashing  around,  331,  333. 
framing  around,  107. 
furring  around,  355,  356. 
pipe-opening  in,  356. 
plastering  directly  on,   357. 
wainscoted,    357. 
Chimney-breasts,    framing   around,    107. 
Chinquapin   (see  Chestnut). 
Chloroxylon  swietenia    (sec   Satinwood). 
Churches,    floor- framing,    668. 
galleries  in,  construction  of,   673,   674. 
framing  of,  675. 
joists  for,  674. 
pitch,  673,  675. 
projecting  front,  674,  675. 
supports,  674. 
wooden,  673. 
Chute,  clothes,   508. 

Circassian  walnut  (see  Walnut,  Circassian). 
Clapboards,  how  cut,  299. 
how  sola,  28. 
nails  for,  542. 

New   England   States  output,   299. 
quarter-sawed,   299. 
specifications,    753. 
strict  use  of  term,  299. 
wall-covering,    299. 
woods  used,  300. 
cedar,  30. 
cypress,  30. 
Douglas  fir,  30,  45. 
larch,  30. 
redwood,  30. 
Bpruce,  43. 
white  pine,  30. 
Clark,  T.  M..  compound  beams,   710. 
Cleveland,  Ohio,  Rockefeller  Annex,  metal- 
covered  trim,  A 1 6. 
Rockefeller   building,    hollow-steel   doors, 
4^7. 


Clinch-nails,  541. 
Closets,   bed-room,  504, 

specifications    for,    777. 
cedar,  504. 

specifications  for,  777. 
china,   504,   507. 

fittings.  504. 
linen,  50k.  ^ 

specificMtons  for,  777. 
ventilation,   specifications,    778. 
Clothes-chests,   Port   Orford  cedar,  40. 
Clothes-chute,  508. 

specifications  for,  778. 
Clothes-hooks,  656.      . 
solid  bronze,  §03. 
specifications  for,  786. 
Clout-nails,  540. 

Coal-bins,  specifications  for,  780. 
Coal-chute,  169. 

frame  of,    170. 
Coarse-grained  wood,  6. 
Coburn   Trolley-Track   Manufacturing   Co., 

trolley-tracks  and  hangers,   572. 
Coffee  tree, 

«^*^^i''*^**^'****^*»    qualities,   and   uses,    73. 
"Coffee  tree"   (see  Shittim-wood). 
Coil-boxes,  horizontal  coiling  partition,  455. 

vertical  coiling  partition,  4^7.  458. 
Coiling  partitions   (see  Partitions,  coiling). 
Cold-air   box,   specifications    for,   781. 
*Cold    drawn"    steel,    moldings   and   trim, 

4^7. 
Collapsible  revolving  doors,  396. 
Collar-beams,   146,   150. 
Colombian  mahogany,  yj. 
Colonial     architecture,      front-door,     trim, 
.   SSI. 

jamb-casings,  412. 
mitered  casing,  410. 
pilaster  and  cornice-casing,   4x0. 
Columbia  Hardware  Co..  door-springs,  622. 
hinges,  ^63. 
spring-hinges,  621. 
"Columbia"    spring-hinge,    621. 
Column,  Columns, 
built-up,  478. 
cast-iron,  details  of  top,  695. 

incorrect  method  of  casting,  695. 

ornamental  cap,   696. 

round  and  rectangular,  845. 

round  with  square  ends,  846. 

section  of,  695. 

strength  of,  845. 

superior  to  wood,  695. 

tables  of  sizes  and  strength,  845,  846, 

847,  848. 
thickness  of  shell,  695. 
wooden  girders,  695. 
dry  rot  in,   684. 
exterior  work,   3x2. 
failing  of  in  fire,  684. 
five-story  building,  687. 
Greek- Doric,  31  x. 
hardwood,  ^12. 
heav^  framing,   684. 
interior  work,  3x2. 
iron,  684. 

"Roll's"  patent,  3". 
materials   used,   684. 
mill  construction,  736. 
pipe,  advantages  of,  697. 
Brooklyn  formula,  696. 
concrete-filled,  697. 
fiber-stress,  697. 
New  York   formula,   696. 
notes  and  suggestions,   697,  698. 
Philadelphia  formula,  697. 
post  caps  for,  692. 
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Column,  Columns, 
pipe   (continued), 
steel,   696. 
tests  of,  697. 
trade-sizes,    698. 
porch,  309,  312, 

boredi  3 10. 
Roman-Doric,   ^11. 
safe  loads,  table,  836. 
spacing  of.  669. 

staved  and  turned.   Roll's  patent,   311. 
staved   up,   diameters  varying,   312. 

woods  used,    310. 
steel-pipe,   notes  and  suggestions,   698. 
tables  of  sizes  and  strength,  849  to  854. 
where  used,  696. 
tubular,  caps  and   bases,   697. 
wood,    entablature-connection,    480,    481. 
fluted,  311,  480. 
improved  methods,  311. 
octagonal,  480. 
shaft  of,  481. 
staved-up,    308. 
strength  of,  835. 
Column-cap,  wooden,   310. 
Combination-frame     (see    Frame,    combina- 
tion). 
Commodes,   dimensions,    518. 
"Common    yellow    pine"    (see   Pine,   short- 
leaf). 
Composition- work,  specifications  for,  750. 
Compound    Door   Co.,    veneered   door,    392. 
Comstock,  F.  R.,  cornice-design,  262. 
Concentric  circles   in   grains  of  woods,  4. 
Concrete,  beams  of,  812,  814. 
floor-arch  construction,  673. 
Conductor-heads,   288. 
Conductors, 
caps    for,    288. 

connected  with  dry  wells,  289. 
connected  with  sewer,  288. 
cypress,    286^ 
dormer,   3 1 6. 

goose-neck  for,  288. 
olders   for,    285. 
inside,    hand-hole,   289. 
metal,   copper,    286. 
galvanized  iron,   287. 
how  secured  to  wall,  287. 
kind  of  metal,   260. 
round,  corrugated,  287. 
shape  of,  287. 
square,  corrugated,   287. 
stock  patterns,   287. 
stock  sizes,  287. 
porch,  313. 
specifications,  752. 
"Stearns'  "  patent,  cypress,  285. 
strap   for,   288. 
superintendence  of,   338. 
wall-iron   for,   285. 
waste   from,  288. 
wooden,  how   made,   285. 
Conduits,   wire,   428. 
Conifers    (see   Needle-leaved   trees). 
Consoles^   at   door-openings,    407. 

store- front,  221. 
"Construction    Details,"    by    F.    W.    Chand- 
ler, braced  frame,  91. 
window-frames,    180. 
Construction,   slow-burning,  724. 
Contractor,  specifications  for,   744. 
Conversion  of  timber,   22. 
Coop,   W.    L.,   concave   rutaning-track,   681, 
Copper,   allovs   of,    547. 
eave-troughs,    260. 
flashings,  267. 
flashings  for  roofs,  329. 


Copper  (continued), 
gutters  of,  260,   265,  277. 
gutter-linings,  259. 
painting,  794,  802. 
roofs  of,   337. 
Corbin,    P    &    F.,    ball-bearing   hinge,    558. 
fiber   hinge-wasJier,    560. 
hardware,    539,    781. 
locks,   5^7. 

panic-exit  door-bolts,   616. 
pivot-hinges,  569. 
sash-adjusters,   647. 
"Unit"    locks,    505. 
Cords,  sash    (see   aash-cords). 
Cores,    inside   metal   trim,   418. 

sashes,  421. 
Corinthian  columns.  497. 
Cork,    hollow-metal    doors,    423. 
Corner-beads,  brick  corners,  360. 
metal,  360,  361,  362. 
"Parker,"  metal,   362. 
specifications  for,  766. 
"Union,"  metal,  361. 
wooden,  sections  of,  360. 
Corner-blocks,  414. 
doors,   inside,  407. 
doweled,   413. 
Comer-boards,   296. 
colonial  houses,  297. 
specifications  for,  750. 
when   not  needed,   297,  298. 
width  of,   297. 
wooden  walls,  296. 
Cornices, 
balustrade  with,  254. 
boxed,  253. 

brick   residence,    272. 
escape  of  water,  254. 
frame   buildings,   253. 
masonry   building,    271. 
metal   gutter,   253. 
specifications  for,  749. 
wooden   gutter,   253. 
brick   buildings,    270. 
nailing-strips,    2^0.^ 
brick-veneered   buildings,   276. 
"classical,"  271. 
conductors    inside,    280. 
conductors  outside,   280. 
connections   of   metal  conductors,    279. 
construction  of,  250,  271,  278. 

open-timber,   255. 
desi^s,    271. 
details,  264,  277.  , 

door-openings,  408,  409,  410. 
dwelling  at  Bridgehampton,   N.  Y.,   277. 
furring   for,   357. 
gutter  hidden,  273,  276,  278. 
heavy    407. 

inside,  specifications,  773. 
Jacobs  house,   274. 
materials  used,   252. 
metal,  252,  428. 
open,   2j^, 

durability,   273. 
fire-resistance,    273. 
open-timber,   256,  257. 
overhangings,  280. 
plaster,    furring   for,   358. 
porch,  312. 

details  of,   313. 
entablature,   314. 
rafter-ends,    272,    273,   276. 
raking,    specifications    for,    749. 
residence,    brick-veneered,   278. 
show-rafters,    255. 
soffit  under  plates,  278. 
specifications   for,   748,   749. 
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Cornices  (continued), 
stable,    275,    277. 
stone,    relative   cost,    394. 
terra-cotta,  352. 

relative  cost  of,  294. 
tile    roof,    276. 
walls  of  "Katco"  tile,   279. 
wooden,   478. 

brick    buildings,    270. 

cheap,    masonry     buildings,    279,    280, 
281,   282.   283. 

cheap,     wooden     buildings,     265,     266, 
267,  266. 

"classical"  type,  478. 

dentils  for,  479. 

double   roof,   284. 

factories,    269. 

fascia-board,    280. 

for  inside  conductor,   284. 

glued  together,  478. 

gravel-strips   for,   280. 

grounds  for,  478. 
anging  ^tter,  284. 
heavy  buildings,   269. 
inexpensive    buildings,    267. 
lookouts   closed,    284. 
Mansard  roof,   272. 
masonry  wall,   262. 
method   of   anchoring,    278. 
mills,  269. 
moldings  for,  479. 
overhangs,   285. 

picture-molding  for  interior,  479. 
principal    forms,    271. 
rafters,    different  cuts,   280. 
relative  cost  of,   294. 
square   gutter,    285. 
stables,  269. 
steep-roof,   280,  284. 
stone  buildings.   270. 
use  in  principal  rooms,  478. 
wood  and  stone.   Mansard  roof,   271. 
wooden  buildings,   270. 
Cottonwood     (see    Basswood).     (See,    also. 
Poplar.) 
black,  69. 

properties  and  uses,   68. 
Coulson    &    Co.,    J.    W.,    store-front    con- 
struction,  225. 
Counterflashing,    334. 
chimney,   333. 
copine-finish,    332. 
how  formed,   331. 
sheet-lead,   329,   331. 
specifications,   751,   769. 
superintendence,    338. 
with  "kneeler,"   332. 
Counter-shelf,   dressers,   512. 
Crab  apple   (see  Apple,  crab). 
Cracks  in  buildings,  cause  of,   13. 
"Craftsman**    wainscoting,   471,   472. 
"Cremornc"    bolt,    double-extension,   644. 
Creosoting    i>roce89,  ^  preserving    wood,    35. 
Creosote    stains,    shingle-dipping,    301. 
Cresting,  roof,   325. 
Cribbage,  woods  used,   30. 
Crickets,  chimney-flashing,  331. 
Crittall    Casement    Co.,    "Economic"    metal 

casement,   210. 
Cross-furring,  ceilings,  352,  353. 

rafters,  3JJ3. 
Crowning,   floor-joists,    104. 
Cuban   pine    (see   Pine,   Cuban). 
Cucumber-tree,    liirood,    73. 
"Cucumber-tree"    wood    (see    Basswood). 
Cupboard-doors,  catch   for,   655. 
dust-proof,    511. 
e1bov^catcn  for,  655. 


Cupboard-doors  (continued). 

fasteners  for,  655. 

frame  for,  5x1. 

hardware  for,  654. 

sliding,   511. 

turns  for,  655. 
Cupboards,   doors^  for,   510. 

hardware,   specifications,  785. 
Cupressus   (see  Cypress). 
Cupressus,    Chamctcyparis,    Taxodium    (see 

Cypress). 
Cup-shakes,   22. 
Curb- roofs    (see   Roofs,   curb). 
Curb-strings,    specifications,    774. 
Curtain-poles,   with  inside  shutters,  443. 
Curtains,     drapery,     with    inside    shutters, 

443- 

lace,  with  inside  shutters,  44s. 
"Cylinder-glass,"    bow    made,    230. 
CypresSj   51. 

American,  50. 

bald.  50. 

black,   51. 

"blotty,"  §1. 

flooring  ox,  520. 

kiln-drying,   X4. 

"pccky,"  sx. 

peggy,"  SI. 
red,   51. 
siding  of,   300. 
southern,   51. 
summer- wood  of,  51. 
swamp,   51. 
white,  51. 


Dados,   joints   in,    374. 

wainscoting.   373. 

with  deep  base,  464. 
Dahlstrom     Metallic     Door     Co.,     hollow, 
metal  doors,   frames,  sashes,  422,  423, 
425».  432. 
Dalbergia   nigra    (see   Rosewood). 
David   Williams   Co.,  cornices,    267,   279. 
Davis   salt-glazed   wall-blocks,    X87. 
Day  and  Brother,  Frank  Miles,  gymnasium 
running-track,    680. 

residence    in    Germantown,    Pa.,    276. 
Day   Brothers  and  Klauder,  ruxming-track, 

680. 
Deadening  floors^   130,  344. 
Deadening-matenals,   345. 

asbestos  sheathing,  347. 

"Cabot's"  quilt,   346. 

felt   papers,    346. 

"Keystone"  hair  insulalor,  346. 

mineral   wool,    348. 

sheathing-quilt,    345.^ 
Dead-locks,    double-action    doors,    550,    551. 
Decay  of  lumber,   31. 

Deciouous   trees    (see   Broad-leaved   trees). 
Deck-moldings,    roofs,    328. 
Deck-roofs    (see   Roofs,   deck), 
Dempsey,  J.  Ciordon,  wooden  cornices,  267, 

Dentils,  wooden  cornices,  479. 

Denver,    Col.,   building   laws,    metal   finish, 

415* 
First  Nat.  Bank  building,  metallic  doors, 

426. 
Department-stores^    revolving   doors,    395. 
Desks,   pivoted  hinge   for,    513. 
"Details  of  Building  Construction,"  by  C. 
A.   Martin,  bases,  465. 
cellar-window  frame,   172. 
dressers,   ^07. 
eyebrow  dormer,   x6x. 
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Detroit,  Mich.,  Pontchirtnin  Hotel,  meUl- 

lie  doors,  426. 
"Derelopment    of     Building-Construction,'* 

by  C  P.  Warren,  post-csps,  733. 
Dewar,    John,    painting-specifieations,    791. 
Dining-rooms,   wainscot<ap«,  471. 
Diseased  wood,  9. 
Diseases,    bark,  chestnut,   57. 
Distemper  on  plaster  and  cement,  805. 
Dog-anchor,    115. 
Dogwood,  7%. 
"Dogwoods,'^     iCornus),    gums,     botanical 

classification,   58. 
Door,  Doors, 

accordion  576,  577,   5^81. 

Art   Metal   Construction   Co.,  422. 

balanced,  578,  $79. 

barn,   hangers   for,   576. 

basement,  specifications  for,  784. 

battened,  379,  380. 

bedroom,  .  mirror-glazed,    403. 

bookcase,   '*hand"  of,  556. 

box-stall,  380. 

braced,  379. 

bronze-covered,    417,    418. 

building    up,    direction   of   annual    rings, 
389. 

Carnegie   Library,   Atlanta,   Ga.,   403. 

cellar-partition,  379. 

chinA-closet,  391. 

Circassian  walnut,  39s. 

closet,  ^83. 

specifications  for,  784. 

construction  of,  383,  390. 

cores  of  veneered,  390. 

cost  depends  on  panels,  386. 

cupboard,   510,   511. 
'•hand**  of,  ss6. 
specifications  for,  hardware,  78J. 

cypress,   383. 

"Dahlstrom,"  423. 

double,  385. 

hardware  for,  550. 
two-inch  partition,  406. 

double-action,   402,   403. 
specifications   for,   783. 

Douglas  fir,  383. 

dresser,   512. 

••Dutch,"  387,  389. 

elevator,   hangers   for,    575. 

entrance,  382,  302. 

** Evans- Process,^'^  393,    394. 

finish  of  openings,  404. 

fire»    379,    394- 
five-panel,   stock,   381. 
flush,    "Evans-Process,"^  394. 
flush-veneered,      "Sterling      Laminated/' 

392. 
folding-sliding,    576,    577.   581,    582. 
four-panel,  eastern,  stock,   381. 
framed-and-braced,    379. 
framed-and-ledged,  379. 
freight-elevator  shaft,    578. 
front,   385._ 

specifications  for,  770. 
galvanized-iron   covered,   418. 
glass-paneled,   388. 
grading  of,   383. 
guarantee  for,   390. 
"^hand"  of,  555,  556. 
hangers  for   (see  Hangers), 
hansfing  of,   557* 
hardware  for,   550. 

specifications,   782. 
hardware   for  hollow,  metal,   414. 
hardwood,    374. 

relative  cost  of,   364. 
hardwood  finish,  387. 


Door,  Doors  (continued), 
hollow,  metal,  422,  423,  447. 

concrete  walls,   431,  432. 

"Dahbtrom,"  425,  426. 

enameled,  424. 

glazing,  425. 

graining,   424. 

method    of    attaching    hinges,   424. 

panel  solid,  436. 

plaster    partitions,    wood    buck,    431. 

thickness  of,  423. 

tile  wall,  431,  432. 

varnish,  424. 
hollow,   steel,  A26. 

metal<overea      frames,     sashes,      etc., 

4^7. 

method  of  assembling,  426. 

panel-moldings,   426. 

panel  solid,  ^15. 
Underwriter'^  door,   437,  438. 

with  side-lights,  434. 
mside,  379. 

inspection  of,  536. 

tvpes  of,   382. 
Kalamein-iron    covered,    416,    417,    419, 

420. 
"Kore-lock,"  392,  393. 
Icdged,  379. 

ledged-and-braced,  379,  381. 
left-hand,   555. 
mahogany,  392. 
metal,  414. 
metal-covered,  414,  416. 

decorative-glass  panels,  4x7. 

plate-glass  panels,  417. 
molded,  369. 
oak-veneered,   383. 
ofiice,  "Dahlstrom,"  425. 
ogee,  384. 

opening  outward,  560. 
ornamented   by   carving,   389. 
outside,   5^5. 

types  of,  382. 
paneled,   382,   383. 

specifications   for,   756. 
panels   different   on   opposite   sides,   389, 

39<^ 

panels  large,  387,  388. 

patent,   veneered,  392,   393. 

patented,   390. 

pivoted,  3<>o,  567,  568. 

rort  Jervis,  N.  J.,  Public  Library, 

*Tyrono"   fire-proof,   394,   395. 

revolving,  394  to  399. 

nght-hand,  555. 

sash,    hollow,   steel    door,   436. 

Kalamein-iron-covered,    420. 
screen    (see   Screen -doors), 
second-story,    specifications    for,    783. 
secret,  hinges  tor,  553. 
single-acting,    S70. 
size  and  thickness,  383. 
sliding,  38^,   384,   385* 

frames  for,  402,  403. 

hangers   for,    571,    573. 

method  of  adjustment,   573. 

schoolrooms,   578. 

specifications,   770,  783. 

tracks  for,   57^.   573- 
sliding  up  and  down,  584. 
solid,  examples  of,  390,  391. 

panels  in,  386. 

woods  used,  31. 
special   kinds^   394. 
specially   designed,   385,   386. 
specifications   for,   770,    784,   785. 
steel,  hollow  stiles  and  rails,  427. 

self-coiling,  579. 
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Door,  Doors  (continued). 
"Sterling  Laminated,"  39a. 
•tock.  383,  384.  385. 
store,  Hardware  tor,  550,  591. 
swinging,   394. 
trimmings,  ornamental,  610. 

specifications   for,   783. 
U.   S.  Metal  Products  Co.,  42J. 
veneer,  oak,  389. 

veneer   interlocked   with   core,   392. 
veneered.    383.    387,    388,   403. 
.  examples  01,   390,   391. 

flush,  393. 

**Kore-lock,"  patent,  39a,  393. 

panels  in,  386,  388. 

siieciikations    for,    770. 
vestibule,   specifications  for,   770. 
water-closet,   hardware   for,   623,   624. 
weather-moldings,   385. 
with   wainscoting,   470. 
woods  used,   Douglas  fir,  46. 

redwood,  52. 

western   red  cedar,  50. 

white  ash,  53. 
Door-bolts,  612. 
brass,   548. 
''Chicago,"    fire-engine    house    and    gar- 

^      age.   575- 

doors  opening  outward,  617. 
double  doors,   613,  614,   6x5. 
doubhe,   exit,   617. 
"Dutch"  door.   616. 
extension,  615. 
panic-exit,  616. 
patterns  of,  611. 
''Stanley,"  615. 
store-door,  616. 
Door-casings,    hardwood,    cost    of,    364. 

metal,  428. 
Door-checks,   "Blount,"   625. 
coil-spring,   627. 
"Columbia,"  625. 
double-action    spring    hinges    used     for, 

624. 
"Eclipse,"  624. 

for  hollow,   metal  doors,   424,  426. 
liquid,   625,   626. 

"Blount,*'  625. 

"Norton,"  625,  626. 
overhead,    551,    561,   624,   627. 
practical  forms,  624. 
'•Russwin,"  625. 
specifications  for,  666. 
spring  combined,  625. 
spring-hinges  used  for,  624. 
Door-fasts,  chain,  612. 

"Surelock,"  612,  613. 
Door-frames, 
back-bands,   406. 

Carnegie   Library,   Atlanta,   Ga.,   405. 
casing,   409. 

shrinkafj^e  in,  406. 
double-action  doors,  402. 
entrance,   392. 
hollow,  metal,  422,  423,  426,  427,  432. 

concrete  walls,  432. 

tilewalls,  wood  buck,  432. 
inside,  379. 

advantage    of    different    methods.    399. 

beading   of   hardwoods,   401. 

block-and-miter   finish,   406. 

built-up,  402. 

cabinet-work,  401. 

casings,  406. 

casing-section  and  cap,  ^07. 

churches  ^  and   public   buildings,    402. 

construction  of  in  western  states,  399. 

comer-blocks,  407. 


Door-frames, 
inside    (continued), 
details  of,  400.  402. 
double-action   doors,   40a,   403. 
double   doors^   406. 

grounds  for,   401. 
ardwood,  401. 
jambs,  40a. 
metal,   4x4. 
miscellaneous,  403. 
paneling,   stops,   etc,   402. 
partition   xp"   thick,   402. 
pilaster-casings,  407. 
Port    Jervis,    N.    J.,    Public    Library, 

^  403. 
rebated,  399. 

residence,  Geo.  D.  Wick,  403.' 
sections  of,  400. 
sliding  doors,  402,  403. 
"straight-joint"  casing,  406,  407. 
studdmg  for,  40  x. 
thick  partitions.  402. 
thickness    of,    New    England    practice, 

.    399. 

trim,  400,  402,  407. 

types  of  construction,   399. 

veneered   frame,  402. 

wide  jamb,   402. 

width  of,  40 X. 

wood  to  match  rooms,  40  x. 

wrought-iron,    welded,   428. 
fire-proofing,  428. 
inspection  of,   536,   537. 
jamb  for,  402. 

Kalamein-iron-covered,   419,   420. 
metal -covered,   4x6. 
openings  for,  407^  408. 
outside,    brick    building,    240. 

brick  or  stone  walls,  239. 

construction   of,   239. 

deep  reveal,  243. 

doors  swinging  in,  342. 

doors  swinging  out,   242. 

frame  building.  240,  241. 

hardwood  finish,   242. 

jambs  paneled,  241. 

jambs  plastered,  24a. 

masonry  wall,  240,  341,  243. 

reveals,   deep  stone,   243. 

securing   to   masonry   walls,   243. 

sills  for,  240,  24  X,  242. 

specifications  for,   757,  766. 

stone  sill,  241. 

thresholds,  241. 

transom-bars,   342. 

veneered,   243. 

width  of,  240,   242. 

wooden   walls,   239. 
pilaster-casing,    "German"    type,    409. 
pilasters,   public   buildings,   409. 
plinth-blocks,   409. 

Port  Jervis,   N.  J.,   Public  Library,  404. 
sliding  doors,  402. 
specifications  for,  757,   771, 
superintendence  of,  248. 
testing  of,   537. 
tile  partitions,  403. 
trim  for,  402.  . 
wainscot-finish  joined  to,  408. 
wall  thick,  402. 
wrought-iron,  428. 
Door-hangers   (see  Hangers). 
Door-holoers,  424.  627. 
hollow,  metal  door,  424. 
various  types,  627. 
Door-iambs   (see  Jambs). 
Door-knobs   (see  Knobe). 
Door-knockers,  6zo. 
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Door-opcnlnn, 
block-finish,  404. 

advantages  of,  404. 
brick  buildings,   joists  over,    113. 
casings,   409. 
cornices,  408,  409. 
finish  around,  400,  404. 
mitered  casings,   colonial   type,   410. 
mitered  finish,  404. 
pilaster-finish,  404,  407. 
pilasters,  ^07,  409. 
plinth-blocks,   409. 

trim,   equal  in  height  to  window,  410. 
wooden   buildings,   joist   over,    112. 
Door-pulls,   hollow,   cast,   551. 
Door-spring,   check  combined,    625. 
coil,  622. 
"Gem,"  622, 
"Sur,"  622, 
"Torrey,"  622. 
Door-stops,   "Duplex,"  627. 
specifications  tor,  773. 
various  types,  627. 
Door-trim,  grounds  for,  359, 

specifications  for,   772, 
Dormers, 
built  on  roof,  315. 
colonial   type,   316. 
common   types,   316. 
continuation  of  wall,  315. 
eyebrow,    161. 

framing,   162. 
designed  by  D.  K.  Boyd,   158,   159. 
details  of,    1 59. 
flashing,  methods  of,  160. 
framing,    157,  317. 
gable-cornice,   317. 
gabled,  316. 

general  description  of,  315. 
masonry,  316. 
metal,  316. 
openings  for,   150. 
roof,  covering,  317. 

pitch  of,   316. 
roofing,  simplest  method,  316. 
section  through  corner,   161. 
shingled,  hipped  roof,  317. 
shingled   house,    317. 
shingled  valleys,  317. 
shini^Ies  continuous   from   roof,   317. 
specifications  for,  748,  761,  765. 
stable,  275.  277. 

•tuds  notcnea  around  rafters,   160. 
window-sill,   construction,    160. 
Douglas  fir, 
distribution,  properties  and  uses,  44,  45. 
flooring,   519,   527. 
lengths  up  to  120  ft.,  30. 
local  names  for,  44. 
name  adopted  by  C   S.   Forest  Service, 

45. 
quarter-sawed,  25. 
strength  of,  25,  45. 
Douglas  Fir  Sales  Co.,  data  furnished,  44. 
"Douglas   spruce"    (see    Douglas   fir). 
Doweled  casings,  Interior  finish,  413. 
Dowels,  post-caps,  688. 
Down-spouts,  285. 
Drawer-i)ulls,   655. 

flour-bin,  511. 

plating  of,    547.  _ 
Drawers,  construction  of,  5x3,  514,  515, 

corner-cabinet,   516,   517. 

"Kimball"   ball-bearing  slide,   514. 

locks  for,  601. 

mitered  dovetailed  joints,   371. 

secret-dovetailed,  371. 

specifications  for,  516,  778. 


Drawers  (continued). 

specifications  for  hardware,  786. 
Drawer-sUdes,    514.    515. 
Drawings,    architects'    practice,    80. 

framing,  89,    103. 

interior  woodwork,  536. 

relation  to  work,  89. 
Dressers,  design  for,  512. 

doors   for,    511. 

kitchen.  50^,  506,  507. 
specifications   for,    776, 

pantry,   507. 
Urip-board,    503. 

Drying,    rate   of,    for    wood,    15. 
Dry-kfln,  14. 

Dryness,  measure  of  for  wood.  15. 
Dry  rot,  32.  ^ 

posts  bored  to  prevent,  686. 

prevention  of,   117. 
Ducts,  resin,  2. 

Duluth,  Minn.,   Soo  building,  hollow,  steel 

doors,  427. 
Dumb-waiters,  508,  509,  510. 

construction  of,  508. 

specifications  for,  779. 
Dunning,     Miss.,     residence    at     Brierdiff 

Duplex*  hangers.    105,  733- 

bolted   to   trimmer,    121. 

heavy  timbers.    122. 

how  supported,    120. 

I-beam   hangers,    127. 

manner  of  holding  beams,  121. 
Duplex"  wall-boxes,   736. 
Duplex"^  wall-hangers,    7^7. 

Durability  of  wood,  31. 


Eaves,  architectural  eflFcct,  251. 
close*  cornices  and  eaves,  251. 

construction  with  wooden  gutters,  254. 

false   rafter-ends,   255.  ^ 

finishing  of,  252,  292. 

general  construction  of.  250. 

'^Natco"  tile  wall,  279. 

projection   of,   257. 

wooden,   252. 
Eave-trough  hangers,  260,  261. 
Eayc-troughs,  252,   260. 
Berger"  hanger  for,  263. 

copper,  260. 

cypress,  method  of  applying,  286. 

how  supported,  263. 
"Eclipse-metal"    ("E.    M.")    550. 
Eel-grass,    shcathing-quilt,    346. 
Egg-and-dart  molding,  407. 
E  bow-braces,    cabinet,    513. 
E  bow-catch,   655. 
E  ectroplating  hardware,    547. 
E  evation -drawings,    framing-plans,    103. 
Elevators,     enclosures    for,    hollow,    metal 
trim,  422. 

hand-power,   510. 

locks  for  doors,   596. 
Elevator-door  hangers,   575. 
Elevator-enclosures,     fire-resisting,     hollow, 

metal  trim,  422. 
Elevator-shafts,   doors   for,    578. 
Elizabeth,     N.     J.,     Union     County    Court 
House,    veneered    doors    and    frames. 

Eta,"'-  ^"- 
American,  57. 

character,    properties,    and   uses,    57^    58. 
cork,  57. 
red,  57. 
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Elm  (continued), 
rock,   57. 

"slippery  Elm,"  57. 
white,  57. 
Embury,   Aymar,   gable   and   oriel   window, 

215,   216. 
Emerson^  W.  R.,  house  designed  by,  roof- 
outlines,  152. 
Enamel,    doors,    hollow,   metal,    424. 
Endogenous  trees,  2. 

"Engineering  News,"  joist  and  wall,  hang- 
ers,  861. 
"Engineering    Record,"    suspended    floors, 

705. 
Englewood,  N.  J.,  residence,  details  of  bay 

window,  217. 
English    architecture,   gable-finish,    292. 
"English    walnut"     (see     Walnut,     Circas- 
sian). 
Entablatures,    column-connection,    480. 

joint  to   prevent  shrinkage,   482. 

wooden-column   connection,    481,    482. 
Escutcheon-plates,  604,  665. 

common  type,  608. 

installation,   657.  * 

"Loraine,"   600. 

materials   used,   607. 

outside,  608. 

single  doors,   550. 

sliding  doors,   550. 

store-doors,    551. 
Escutcheons,  603. 

cylinder.   592,   595. 

specifications  for,  782. 
"Eternit   Slates,"   337- 
Eucalyptus,  uses,  73. 
European   sycamore    (see  Maple). 
Evergreen   trees   (see  Needle-leaved  trees). 
Exogenous  trees,  3,  12. 
Eyebrow  dormers,   161. 

framing,    162. 
£yre,VVilson,     double-hung-window    design, 
z86. 


Face-plates,  double  doors,  615. 
Fagus    (see   Beech). 
Fascia-boards,  280. 
Fasteners,  storm-sash,  654. 
Fasts,  blind,   652. 

mortise,  653. 
outside-blind,   651. 
Felt,  building,  348. 
sound-deadening,  346. 

"Florian,"   347. 

various  manufacturers',  347. 
Felt    paper,    hair    in    hollow,    metal    doors, 

423- 

qualities    required,    346. 

sound-proofing,   346. 
Fences,  woods  used,  black  ash,  53. 

chestnut,^  57. 

chinquapin    oak,    64. 

cypress,    51. 

northern    white   cedar,   48. 

oaks,   63,   64,   65,   66. 

western   juniper,    49. 

white  oak,   63. 
Fibers,   pith,   2. 

wood,  2,  16,  17. 
Finials,  332. 

specifications  for,   769. 
Finish,   inside,^  363. 

brads  used  in,  ^40. 

carving  drawn  full  size,  378. 

corner-blocks,    413. 

detailing  of,  378. 


Finish,  inside   (continued), 
doors   and   windows    made   equal   height, 

410. 
door-frames,  404. 
door-openings,  400,  404. 
fittings,  363. 
framed..  37 2.    373,    374- 
for  sliding  blinds,  448. 
grounds    (see   Grounds), 
guarantee,   ^90. 
hardwood,    block-and-miter,    406. 

built-up,   414. 

finished   at   factory,  413 

gluing,   413. 

nailing,  413. 
inspection  of,  537,  538. 
joints,  butt,  367. 

coped,  367. 

covered,    367. 

dovetailed,   367. 

glued-and-blocked,   367. 

housed,    367. 

mitered,  307. 

splined,   367. 

tight,   366. 

tongued-and-grooved,  367. 
metal,  414,   4x5. 

sanitary,  422. 
metal-covered,  ^16. 
methods  of  applying,  412. 
nailing,   412. 
plinths,  413. 

screws  used  in  hardwood,  4x4. 
specifications,   769,  773. 
splicing,  413. 
splines,  414. 
"standing,"   363. 
stuck,  413. 
woods  used,  black  ash,  53. 

cherry,    56. 

Cuban  pine,  41. 

cypress,  31,  51. 

Douglas  nr,  31,  46. 

elm,  58. 

gum.  31. 

hardwoods,    31. 

incense  cedar,  49. 

jenisero,   31. 

koa,  31. 

larch,   31. 

Port  Orford  cedar,  49. 

red  cedar,  49. 

redwood,   31,   52, 

southern  white  cedar,  48. 

sugar  maple,  60. 

teak,   31. 

western   hemlock,  46. 

western  red  cedar,  50. 

western  yellow  pine,  43. 

white  ash,  53. 

white  pine,   31. 

yellow  cedar,  49. 
Finish,   outside,   250. 

superintendence    of,    337. 
woods  used,   cypress,   30,   51. 

Douglas  fir,  30,  45. 

larch,   30. 

redwood,    30. 

western  red  cedar,  50. 

white  cedar,  30. 

white  oak,  63. 

white  pine,  30. 
putting   up,    374. 
shutters,   inside.   443. 
wainscot,  joined  to  door-frame,  408. 
window,  410. 

shutters,  inside,  443,  4^6. 
Finished  floors   (sec  Floors). 
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I^nishing,    softwoods,    cheaper    than    hard- 
woods,  364. 
Finishing-woods,   2,  365. 

hardwood,   363. 

painted  work,  364. 

soft,   363. 

specifications  for,  769. 

tnickness  of,  25. 
Fir, 

"balsam  fir,"  44- 

character,  properties  and  uses,  43,  44. 

Douglas  (see  Douglas  fir). 

noble,  44. 

"red  fir,^'  44. 

"western  fir,"  44. 

"white  fir."  44. 
Fire-doors,    metal-clad,    379. 
Fire-limits,   gables,    294. 
Fireplaces,   brick  breasts,  fire-proof,   357. 

furring  of,  356. 

"Pavonetta     marble,   517. 

wainscoting   around,   471,    47^. 
Fire-proofing     regulations,     hollow,     metal 
window-frames   and  sash,   430. 

metal  finish  of  buildings,  415. 

size  of  sheet  glass,  429. 

window-requirements,    418,   420. 
Fire-protection,     asbestos     sheathing,     347, 
348,  350. 

beams    around    chimney,    107. 

between  floor- joists,   142. 

braced  fiame,  91. 

bricks    in    partitions,    350. 

building,   706. 

building  codes,  anchors,    116,    118. 

built-up   girders   objectionable,    127. 

"Cabot's      deadening-quilt,    141. 

ceilings,   671. 

"Century"   shingles,   337. 

cornice-construction,    252. 

dangerous  construction  of  floors,   131. 

deep  girders,  127. 

doors,   394. 

eel-grass,  346.^ 

fire-clay  flue-lining,   356. 

fire-doors,  379,  394. 

fire-proofed  wood,   415. 

fire-stopped  partitions  and  floors,'  351. 

fire-stops,   141,  349,  350,  351. 

floor-lining,   351. 

furring,  objections  to,  351,  355,  356. 

gable-finish,    294. 

girders,   704. 
eaders  hung  in  hangers,   120. 
hollow,    metal    doors,   423. 
hollow,    metal    finish,    422. 
hollow,   metal   trim,  422. 
independent     ceiling- joists     objectionable, 

interior  finish,  414,  415. 

|oist-hangers,    1 1 5. 

joists  anchored  at  top,  114. 

joists  resting  on  girders,  699. 

metal -covered   doors,    419,    422. 

metal-covered    frames,    417. 

metal  finish,  414,  415,  422. 

metal    girders,    125. 

mill-construction,    724,    732,    736,    741. 

mineral   wool,    143,   350. 

"Natco"  tile  wall,   188. 

open  cornices,   273. 

paints  for,  41^. 

par^uetry-floormg,    533. 

partitions,   142. 

mineral  wool,   143. 
provisions  for.  349. 
regulating  width  of  stairs,  489,  490. 
rivets  in  doors,  424. 


Fire-protection  (continued). 

roofs,  740. 

safety-treads,  501,  50a. 

"Salamander,"   735. 

sheathing-quilt,  303. 

shingles  treatment,   322. 

steel  construction,  683. 

stucco-wall   construction,    142. 

studding  tinned  at  chimney,  356. 

theaters,  6;f3. 

timbers  built  into  brickwork,   114. 

tile  hearths,   343. 

wall-hangers,    1x9. 

window- frames   and   sashes,   430. 

windows  and   skylights,   418,   422. 

wire-glass,   2^9. 

wooden  cornices,  252,  273. 

skylight-requirements,   318. 

wooden  partitions,  683. 

wrought-iron  doors,  428. 
Fisher,     Rkhard     Arnold,     cornice-details, 

.     314- 
Fish-plates,   719. 

Fitch  Co.,   W.  &  E.  T.,  sash-lock,  641. 
Fixtures  and  fittings,  inside,   503. 
Flagstaffs.  woods  used,  Douglas  fir,  30,  4s- 

long-leaf,  yellow   pine,  30. 
Flashing, 
against  brickwork,   331,  33J. 
against  stonework,  331. 
belt-courses,    298. 

calked  with  oakum  and  cement,  331. 
counter    (see   Counterflashing). 
dormer-windows,    160,^331. 
gravel-strip,   280. 
materials  used,    182. 
roofs,   shingled,   329. 
skylights,  319,  332. 
slag-strip,  280. 
specifications  for,   751,   769. 
tin    shingles    for,    331. 
valleys^  310. 
wall-shingling,  302. 
windows,   181. 
wooden  dormers,   331. 
wooden  gutters,  267. 
wooden  wall,   3^1. 
"Flexifold"      partitions      (see      Partitions, 

coiling). 
Flitch-plate  girders,   124. 
Floor.    Floors, 
anchoring  of,   119. 
balcony,  movable,  314. 
brick   buildings,    no,    in. 
bowled,  66S,  669,  670. 
ceiling- joists    independent,    130. 
churches,   668. 

construction   in  general,   103,   705. 
deadening   of,    ^44,   345. 
deadening-matenal,   345. 
false  girts,  104. 
finished,   519. 
framing  of,   around  chimneys,    xo8. 

heavy   buildings,    668. 

underwriters'    recjuirements,    107. 
galleries,   construction   of,   670. 

theater,  671. 
girders  for,  riveted,  705. 

trussed,    705. 
hardwood,   parquet,   531. 

specifications  for,  779. 

varnish-finish,  797. 

wax-finish.   797. 

when  laid,   519. 
jointed,  520. 
joists   for,   brick  buildings,    iii. 

supports,    683. 

two  sets  to  deaden  sound,  130. 
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Floor,  Floors  (continued), 
laminated,   733,   735. 
mill-construction,  725*  733* 
mineral-wool   packing,    349. 
molding   nailed  to,  464. 
movable  in  balconies,   314. 
openings,    framing  around,    107. 
overfloors,  519. 

parquet    (see    Parauet-flooring). 
partition  supported,  683. 

fire-danger,   683. 
pine,  finishing,  796,  809. 
porch,  305. 

below  building-floor,  108. 

joists  of,   108. 

specifications  for,  7^7. 
protection  of  specifications  for,  780. 
quarter-sawed  lumber,  31. 
shrinkage  in   timbers,   464. 
shrinkage    over    hangers,    121. 
single,  flooring  matched,   5^0. 
sound-proofing,    344,    345. 
steel-woven,    533. 
stiffening  when  weak,   129,   130. 
supporting  of,   xii,  704,  705,  706. 
suspended,   707,   708. 
suspending-rods,     manner     of     securing, 

705,   706,   707. 
tile,  foundations  for,  341,  342. 
trusses  for,  705. 
trdss-rods,  706. 

underfloors    (see    Underfloors). 
wall-hanger   supports,    iii. 
wooden   buildings,    103. 
wood  for,   30. 
woods  used,   blue  ash,  53. 

cypress,  51. 

Douglas  fir,   31,  46. 

long-leaf  yellow  pine,  31. 

maple,  31. 

Port  Orford  cedar,  49. 

spruce,  43. 

sugar  maple,  60. 

western  hemlock,  ^  31. 

western  yellow   pine,   42. 

white  oak,  31,  63. 

yellow  cedar,  49. 
Floor-beams,   how   supported,    104. 

spacing,    104. 
Floor-blocks,    *'Davis"    salt-glazed,    187. 
Floor-boards,   method   of   sawing,   24. 
Floor-framing,    details   of,    104. 
first-floor,   112. 
mill-construction,    736. 
plans,   113. 

how  drawn,  xxo. 
projecting  corners,    no. 
second-floor,    11 1 . 
specifications   tor,    760. 
Floor-grooves,     for    vertical    rolling    parti- 
tions, 458. 
Flooring, 

amount   required,    528. 
ash,  520. 
beech,  519. 

grading-rules,    537. 
birch,  519. 
butt-joints,  367. 
cherry,   519. 

grading-rules,    527. 
chestnut,   520. 
cypress,  520. 
defects  of,   525. 
dimensions  of  boards,  sao. 
Douglas   fir.   grading-rules,   527. 
end-matched,  421,  523. 
estimating   amount,    528. 
finished,  scraping,  530. 


used. 


Flooring, 
finished   (continued). 

size  of  nails,  530. 
full-size  sections,   522. 
grading-rules,    521. 

defects   of  flooring,    525. 

oak,   plain-sawed,   526. 

oak,   quarter-sawed,    526. 

standard    lengths,    523. 

yellow     pine,     abbreviations 
524. 
grooved,    521. 
gum,  520. 
halls,    oak,    519. 
hardwood,   341. 

agencies  for  laying,   53a. 

designs,   532. 

end- matched,    523. 

full-size   sections,    522. 

kiln-dried,   519. 

laying,  528. 

lengths,    521. 

nailing,   528,   529. 

scraping   and   sandpapering,    530. 

weights  of,   527. 
hemlock,    grading-rules,    527. 
"jointed,"    520. 
kitchens,   Si9>, 
laying  and  nailing,  528. 
lengths,   520,   523,   524. 
living-rooms,  oak,  519. 
maple,   grading-rules,   527. 

wearing  qualities,   5x9. 
matched,   306,    520^   521. 
method  of  estimating  area,  528. 
nailing,  527,   529. 

Norway  pine,  grading-rules,  526,  527. 
oak,  grading-rmes,  526. 
open  joints,   306. 
parlor,   oak,    519. 
parquet    (see    Parquet-flooring), 
parquetry    (see    Parquetry-flooring), 
pine,  hard,  519. 
poplar,    519. 
porch,    306. 

qualities  of  woods,  521. 
quarter-sawing.    520. 
red  cedar,  grading-rules,   527. 


** 


Rules  for  Grading,"  521. 


sandpapering,   530. 

sizes,   523,   524. 

spruce,  grading-rules,  527. 

steel-woven,    533. 

svcamore,  520. 

theater-galleries,   673. 

thickness,    25,    520. 

walnut,  519. 

grading-rules,  527. 

western  spruce,   grading-rules,   527. 

white  pine,    ^19. 
grading-rules,  527. 

white  wood,   519. 

widths,    520. 

woods  used,   519.  521. 

yellow-pine,   grading-rules,    52  x. 
F'loor-ioists  (see  Joists^  floor). 
Floor-linings,       sheathing-paper,       asbestos, 

347- 
Flour-bin,  tilting,   5o6v   511. 
Flowering  dogwood  (see  Dogwood). 
Flue-lining,  use  of,   356. 
Flush-pull,  sliding  door,  550. 
Fluting,  375- 
Folsom     Snow     Guard    Co.,     snow-guards, 

334- 
Foundations,  tile  walls,   343. 
Framed  finish,  372,  37J. 
Frames,  box,  specifications  for,  76$. 
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Frames  (continued), 
casement-window    (see    Casement-window 

frames), 
cellar-window,  adjoining  parts,   17a. 
bow  constructed,    171 
door   (see   Door-frames). 
Kalamein-iron-covered,    419,    420. 
metal-covered,   416. 
picture,  428. 

superintendence  of,    248. 
woods  used,  cypress,   50,  51. 
Framework, 
joined   to   stonework,   304. 
superintendence  of,   164. 
Framing-drawings     (see,     also.     Drawings), 

103. 
Framing,  heavy  (see,  also,  Framing,  light), 
area-walls,   ;ro^. 

belfry,   specifications   for,   789. 
bracing,    700. 

columns    in    general,    684. 
fire-resisting,    682. 

heavy  buildings,  668. 

specifications  for,  760. 
floor-joists,   6p9. 
floors,    galleries,    670 
galleries,    670. 
general  conditions,  787. 
girders,  68^. 

compound  and  trussed,  708. 

wooden,    700. 
joints,   heavy,   wood,    716,   717. 
light-area,  cheap  method,  ^oj. 
mill-construction,    (see    Mill-construction), 
non-fire-proof,    668. 
post-caps,  686. 
posts,   wooden,   684,    7o<^- 
specifications  for,  746,  786. 
steel,  effect  of  fire  on,  682. 
stores,   683. 

timbers,    specifications   for,    78/. 
woods  used,  Douglas  fir,  30,  43,  45. 

long-leaf  yellow  pine,  30. 

short-leaf  yellow  pine,  30. 

spruce,  30,  43. 

white  oak,   30. 
warehouses,    682. 
Framing,  light  (see,  also.  Framing,  heavy), 
balloon,    04. 

corner-bracing,  97. 

cost,  91. 

lighter  timber,  91. 

methods  of  building,  91,  96,  97. 
braced,  91,  92,  93. 

colonial,   91. 

double  studs,  qk. 

method  of  building,  91. 
brick    buildings,    joists   in,    114. 
buildings  hot-air  heated,   1 14. 
combination^   91,   97,   98,   99. 
conical  roor,   156. 
details  and  dimensions,  99. 
dormer  windows,  157. 
eyebrow  dormer,    162. 
"false   girts,"    102. 
false,  half- timber,  299. 
floor,    projecting^    corners,    109. 

stair-wells,  chimneys,  etc.,   107. 
"full,"  91. 
girders    to    joists,    105. 

grounds  (see  Grounds), 
eaders  and  trimmers,   108. 
I   beam  to  joists,    128. 
isometric  perspective,  91. 
joists   to   girders,    105,    126. 
joists  to  I  beams,    128,   129. 
loists  to  sills,    104. 
ledger-boards,    xoa. 


Framing,  light  (continued), 
mortise-and-tenon,    91. 
nails  for,  542. 
"old-fashioned,"   ox. 
pins  of  hardwood,    102. 
projecting   corners,    X09. 
"ribbons,      102. 
roofs,    146. 

plans  of,   148. 
solid  girts,    102. 

supported  on  steel  I  beams,  137. 
tower-stairways,    no. 
wall  and   floor,   relation  between,   91. 
woods  used  in  light,  Douglas  fir,  30,  40, 

L  45- 

hemlock,    ^o. 
Norway   pine,   30,  ^o, 
short-leaf  yellow   pine,  30. 
spruce,  30,  A2,  43. 
western   hemlock,   46. 
western  yellow  pine,  42. 
Framing-lumber,    bastard-sawed,    25. 

dimensions  of,   25. 
Framing-plans,   first-floor,    Z12. 
roofs,    ii|6. 
gable,    hip    and    dormer,    148. 

dwelling,    147,    148. 
scale  of,    no. 
second-floor,    in. 
Framing-timber    (see,    also,    Timbsr,    fram* 
ing).    30.  89. 
bastard-sawed,   25. 
dimensions,    25. 
seasoning,    16. 
Franklin   Institute,   revolving  doors,   394. 
Fraxinus  (see  Ash),  53. 
Fraxinus   Americana    (see    Ash,    white). 
Freitag,  J.   K.,   "Fire  Prevention  and  Fire 
Protection,*'    metal -covered   trim.   418. 
metal-covered    window-frames    and    sash, 
429. 
French  windows,  203. 
hardware,  616,  644,  645. 
specifications   for,   782. 
use  of,   175. 
Furniture,    dimensions   of,    517,    518. 
hinges    for,    554. 
screws  for,  541. 
woods   used,   cherry,   56. 
elm,    58. 

incense  cedar,  49. 
Oregon   ash,   54. 
Port  Orford  cedar,  49. 
red   cedar,   49. 
redwood,   52. 
sugpar  maple,  60. 
white    ash.    53. 
yellow  cedar,  49. 
Furring, 
arches,   357. 

around  chimney,  355,  356. 
attic  rooms,  357. 
brick  walls,   354,  355. 
buildings,  352. 
ceilings,   357. 
cornices,    357. 
cross,    advantages,    352. 
essential  points,  358. 
false  beams,   357. 
false,   plastered  beam,  358. 
fireplaces,   3^6. 
fire-proof  buildings,  351. 
general  term,  351. 
plaster  cornices,  358. 
pockets,    for   inside   shutters,   355. 
shape,  details  of,  359. 
specifications  for,  758,  766. 
stone  walls,  plugged,  355. 
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Farrina;  (continued). 

studding   for,   bridged*   355. 

suspended  ceilings,  353. 

tile  or  metal,  351. 

walls,   354. 

woods  used,  35a. 
Furring-blocks,    478. 

brick  houses,  298. 

rounded  comers,  357. 


G 


Gables, 

barge-boards     for     (see     Gables,     verge- 
boards). 

brick  buildinss,  293,  294. 

"Qassical"    design,   291. 

colonial  work,  291. 

construction  of,   290. 

details  of,  295,  297. 

eave-moldings,    291. 

finish   of,   290,   291,   292. 

moldings,   291. 

rafter-ends  exposed,   292. 

Renaissance  design,  291. 

stone  buildings,   293. 

verge-boards,   292,   293,   294,   295,    296. 
"Gaboon  mahogany"   (see  Mahogany,  Afri- 
can). 
Galleries,   assembly-halls,  construction,   680. 

churches,    construction,   673,   675. 
pitch  of,  673. 

floors  for,  670. 

framing,  676,  677. 

gymnasium,  running- track,  680,  681. 

post-supports,   707. 

suspended,   707. 

theater,  construction,  671. 
steel  construction,  670. 
Galvanized-iron    work,   painting,    802. 

specifications  for,  751. 
Gambrel  roofs   (see  Roofs,  gambrel). 
Garbage-box,   specifications  for,   781. 
Garden    City,    N.    Y.,    hotel,    roof-outlines, 

152. 
Gardner     Sash     Pulley     Co.,     ball-bearing 
hangers,  578> 

overhead  pulleys,  630. 

pulleys,   628. 

roller-bearing  pulleys,  579. 
Gatings,  lock,   586. 

Gauge,  copper  in  sheets.  Brown  &  Sharpe's, 
287. 
Stubbs',  287. 

iron   and  steel,   287. 

iron.  U.   S.   Standard,  287. 

steel.   U.    S.   Standard,  287. 
"(5em''  bolt,   612. 

Georgia  pine    (see  Pine,   long-leaf). 
Giant  redwood  (see  Redwood,  giant). 
Gilbert,   Cass,  joining  frame  to  walls,   304. 
Gilman  snow-guards.  334. 
Girder-beams,   Bethlehem,   129. 
Girders, 

anchors  for,   114. 

brick  buildings,  steel,  703. 

brick  dwellings,   125. 

built-tp  wooden,   126. 

com^und,   wooden,   708. 

continuous  over  post,  694. 

cut  to  fit  posts,  687. 

Douglas  fir,  684. 

flitch-plate,   124,   125. 

door,  705. 

floor-joist  connection,   698. 

floor-supports,  683. 

framing  into  joists,   106. 


Girders   (continued), 
gallery-supports,   675,   676. 
hangers    tor^    106. 
heavy  building,  126,  684,  685,  703. 
joists   flush   with,    105,   699,    700. 
joist- framing  into,  126. 
joists  on  top,   699. 
maximum  spans,   684. 
metal,   fire-resistance   of,    125. 
mill-construction,    anchoring   of,    736. 

supports  for,  736. 
mortise-holes  in,   106. 
neutral  axis,    106. 
oak,  dry  rot  in,  684. 
riveted,   705. 
running  track,  680. 
shallow,  715. 
sizes,   common,   90. 
specifications  for,   746,   760. 
steel,    for   mill-construction,    731. 
steel-beam,   127,   128. 
strength,  tension-fiber,  106. 
trussed,    705,   708. 

belly-rod,   714. 

construction,  712. 

cross-section,    715. 

shallow,  713,   715. 

stresses  m,   714. 
trussing,  common   method,   7x4. 
unprotected,  collapse  in  a  fire,  682. 
wall-supports  for,  114. 
wooden,   125. 

"bearing-strips,"    126. 

bracing  to  posts,   700. 

built-up,    127. 

compound,   708,   709. 

designing,   127. 

heavy,    126. 

I-beam  connection,    127. 

joist-framing,   126. 

metal  braces,  701. 

strapping    for   lathing,    126. 

wooden  braces,   700. 
woods  used,   Douglas  fir,   30,  45,  461. 

long-leaf   yellow   pine,    30. 

white  oak,   30. 
Girts,   1 01. 

false,  94,   102. 
Glass, 
cost  of,  234. 
crystal-sheet,    232. 
figured,   rolled,  235. 
hammered,    319. 
hollow,   metal  sash  and  doors,  421,  425, 

426,   428,   433. 
leaded,  230. 

specifications  for,  756. 
mirrors,    239. 
pavement-prisms,  237. 
plate,  American,  233,  234. 

waves  in,  231. 
polished  plate,  233,  234. 
prism,   236,  237. 
prism-plates,  237. 
rolled,  figured,   235. 
rough    plate,    233. 
sheet,  230,   231,   232,  233- 
sizes    allowed    by    Nat'I    Board    of    Fire 

Underwriters,  429. 
skylight,  238. 

wooden,  319. 
specifications   for,   756,   766. 
suiierintendence  of,   249. 
weight  of  rough  or  ribbed,  238. 
window,   229. 
wire,  238,  239, 

metal-covered  doors,  4x7. 

sashes,  hollow,  metal,  429. 
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Glazing, 

general  methods  of»  aa9,  J30. 

specifications,   230. 
Gledhill     wall-paper     factory,     failing     of 

columns  in  nre,  684. 
"Goetz"  box-anchors,   736,  738. 

hangers,    104,   lai. 

post-caps,  686. 
Goose-necks,  conductors,  a88. 
Gordon,    Tracy    &    Swartwout,    windowde- 

tails,  206. 
Gothic  architecture,  gable-finish,  292. 
Gould  &  Champney,  porch<ornice,  314. 

residence   designed   by,   378. 
Graining,    doors,    hollow,   metal,   424. 
Grant    Pulley    &    Hardware    Co.,    overhead 

pulleys,  630. 
Gravel-strip,    280. 
Greenhouse,  roofs  for,  319. 
Gribble  or  limnoria,  33. 
Grillage,   woods   used,    30. 
Grilles,   specifications   for,   755. 
Ground-casing,  window,  410. 
Grounds,    184. 

around  windows,  359. 

brick  walls,   359. 

door-frames,    401. 

measurements  from,   378. 

8|>ecifications  for,   359,   360,  758,  766. 

windows,    188. 

wooden   cornices,   478. 

woods  used,   360. 
Guarantee,    specifications,   752. 
"(Tuastavino**   arch,    671,   673. 
Gum,   "bay  poplar,"   59. 

black,   58,    59. 
"tupelo,"  commercial  term,   58. 

"chewing,"    s8. 

cotton,  59. 
olivetree,   59. 
tupelo,    59. 

"dogwood,"    58. 

flooring,   520. 

"pcpperage,"    59. 

red,  58. 

"satin-walnut,"  58. 
"star-leaved  gum,"  58. 
veneers,  etc.,   58. 

sour,  58.  59- 
swamp,   59. 
sweet,    58. 
tupelo,  59. 
water,  59. 

tupelo,  marketed  as,  59. 
"witch-hazel,   58. 
Gutters, 

above  rafters,  261. 
"Bergcr"    hanger    for,    26^, 
brick  building,    260. 
condensation   in  skylights,  321. 
construction,   250,   260. 
cypress,   251. 

method  of  applying,   a86. 
details  of,  264. 
dormer,  316. 
double,  272. 
forms  of,   263. 
frame  buildings,   260. 
French   roofs,   259. 
hidden,   273,  276. 
masonry  wall,   261. 
materials  used,  260. 
metal,  251,  252,  260,  265,  377,  278. 

box    cornices,    265. 

brick  cornices,  26^. 

copper,  cost,  262. 

dropped,  2^8,  262,  365. 

galvanized-iron,  260,   265. 


Gutters  (continued), 
metal-lined,  257,  258,  259,  j6o,  377. 

"open"  rafters,  256. 
outlet-pipe    connection,    265. 
porch,  312.  313- 
projecting  eaves,  265. 
size  of,  267. 
skylight,    321. 

specifications   for,   748,   75 1. 
sunk,    261. 

superintendence    of,    338. 
wooden,  251,  252,  257. 

brackets   for,   267. 

cheap     masonry    buildings,     281,     282, 
283. 

cheap  wooden  buildings,  266,  267,  268, 

dropped,  261. 

goose-neck   for,   256. 
eavy  building^   269. 
"open"   rafters,    255. 
stables,    26^. 
wooden  cornice,   masonry  work,   262. 
woods  used,  251. 
Gutter-strips  metal,  258. 
Gymnasium    Director's    Pocket-Book,    run- 
ning-track inclines,  681. 
Gsrmnasium,  running-track,  inclination,  682. 
running-track    galleries,    678,    679,    680, 
68x. 


Hackberry,     characteristics    and    qualitiea, 

74. 
"Hackmatack"    (see  Larch). 
Hair-felt   paper,    hollow,   metal   doors,   423. 
Hall,   Fessenden,   data  on  imported  woods, 

76. 
Halls  and  galleries,  construction  and  fram- 
ing,  676,    677. 
Hallways,   fire-resisting.  422. 
"Hand,"   of  doors  ana   windows,   556. 
Hand-rails,   joint-bolts    for,   498. 
screws    for,    498,    545. 
stairs,  497,  498. 
Hangers,   doors,    571,    572. 
door,    "Advance,"    ball-bearing,   576. 

antifriction,  57^. 

auditorium    folding-sliding    doors,    582. 

ball-bearing,    571,    574. 

barn-door,   575,  576. 

double-track,   $7$- 

elevator-doors,  575,  580. 

folding-door,   577. 
8. 


57l« 


ifara^e,    57a 

"Invmcible,"   ball-beanng,    575. 

knuckle-joint,   578. 

"Lane,"    572. 

ball-bearing,   578. 

"New  Model,*^  574. 

single-rail,   574. 
"Lundy,"  S74,   S78.   . 
•  Pioneer,"  wood-track,  580. 
requirements.   571. 
"Richards  No.   221,   Advance,** 
"Richards-Wilcox,"   578. 
riffht  and  left-hand,  574^ 
roller- bearing,  574. 
school-room,    578,    583. 
sinsle-traclc,   575. 
sliaing-door.    550, 
"Standard,**   574. 
swivel,    577,    578. 
trackless,   576. 
variety   of,    572. 
eave-trough,    260,   261. 
joist,    box    I-beam,    703. 

designing,    856,    857.    858,    859r    860^ 
861,   862,   863,   864. 
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Hangers, 
joist  (continued). 

"Duplex,"  X05,  130,  121,  132,  12%,  700, 

..^   727,  733. 

"Goeti,"  104,   105,  I  ax,  700. 

I-beam,   128. 

"Ideal,"    steel,    124. 

lumber-saving,    120. 

mill-construction,    728,    729,    730,    731, 
732. 

"Van  Dom,"  123,  6gg,  700. 
stirrup,    122,    123. 

mill-construction,  730,  733. 
wall,    advantages    in    case    of    fire,    118, 

Z20. 

brick   wall,    737. 

concrete  wall,  737. 

designing,  856,  857,  858,  859»  860,  86x, 

862,  863,  86^. 
drv  rot  prevented  by,  115  118. 
••Duplex,"   737,   738. 
"Lane,;'    737,   739. 
large  timbers,  738. 

mill-construction,    728,    729,    730,    731. 
"National,"   737,   739. 
"Van  Dorn,*'  737.  738. 
where   used,    119. 
Hanson-Ward   Veneer   Co.,   veneered   door, 

393* 
"Hard   pine"    (see    Pine,    Norway). 
Hardware,  "Berlin  bronze,"  547. 
"Boston   finish,"   547. 
"Bower-Barff   finish,"   548. 
brass,   548. 

bolts,    548. 

door-knobs,   548. 

hinges,    548. 

imitation,    547. 

oxidized,   548. 
bronze,   548. 

figured,   550. 

imitation,    547. 

method  of   producing,  j^49. 
bronze-metal,   plain  and  figured,   549. 
bronze-platea,   relative  cost,   549. 
butts   (see  Butts), 
carpenter's  specifications,  656. 
casement-window,  644. 
classification,  539. 
cupboard-door,  654,  782. 
door,  specifications  for,  782,  783,  784. 
"Eclipse-Metal,"    550. 
electroplating,  547. 
finished,    539.    546. 

allowance  for,   659. 

bolts,  665. 

"Bower-Barff,"    548,   658. 

cast-iron,    546. 

cost  of,   658. 

designs,  664. 

escutcheon-plates       (see       Escutcheon- 
plates). 

knobs    (see    Knobs). 

labels  on   boxes,   658. 

locks  (see  Locks). 

materials  used,   546,  664. 

method   of   specifying,    660. 

plated  and  solid,   657,  658. 

prices,  656. 

sash-fasts    (see    Sash-fasts). 

sash-lifts    (see  Sash-lifts). 

screws   to   match,    544,   657. 

specification   for,   660,   666,  667. 

stamped   by  maker,   658. 

steel,  546. 

superintendence    of,    658. 

transom-rods    (see   Transom-rods). 

various  pieces,  550. 


Hardware  (continued). 

for    hollow,    metal    window- frames    and 
sashes,  430. 

for    metal-covered   doors,    417. 

hinses   (see  Hinges). 

hollow,  metal   doors,  424. 

hollow,   steel   doors,   426. 

inside    shutters    (see    Blinds    and    Shut- 
ters). 

iron,    546,    547. 
,     japanning,   547. 

lacquered,   547. 

lock-sets,    "Bower-Barffed,"    548. 

nails   (see  Nails). 

nickel-plated,    547. 

ornamented,    550,    610. 
specifications   for,    782. 

plain,   specifications,    783. 

plated,   specifications,    547. 

plated-iron.  547. 

plated-steel,    547. 

residence,  front-door,  551. 

rough,   539. 

sash-lifts    (see    Sash-lifts). 

sash-locks   (see  Sash-locks). 

screen-door,  621. 

screws  for,  543. 

selection  of,  658. 

sets,   609. 

shdf,    539. 

shutters,   inside,   447.  * 

specifications  for  658,  659,  660,  661,  662, 
663,   781. 

spring-hinges  (see  Hinges  and  Butts). 

steel,  finish  of,  546,   547. 

storm-sash  fixtures,  653. 

transoms,    specifications    for,    784. 

"trimmings,''   539. 
doors,  550,  551. 

"Tucker  Bronze,"   547. 

water-closet,   623,   624. 

windows,   double  hung,  627. 
pivoted,  645. 
specifications   for  784. 
Hardwood,  balusters,   500. 

case-hardening,    15. 

door  casings,   relative  cost  of,  364. 

door-frames,    inside,    401. 

doors  of,  387,  392,  401. 
relative  cost  of,  364. 

finishing,  363,  796,  807. 

finish,   base,   464. 
gluing,  413. 

flooring,    parquet    (see    Parquet-flooring), 
scraping  and  sandpapering,  530. 
specifications   for,   779. 

interior  finish,  413. 

nail-holes,   413. 

parting-strips,    185. 

prices  not  imiform,  87. 

pulley-stiles,    185. 

shrinkage  of,    19. 

splines,    414. 

staining   of,   808. 

trim,   specifications  for,   773. 

varnishing  of,   807. 

waxing   of.    808. 
Hard-wood     boards,     method     of     cutting, 

24. 
Hardwood  finish,  nail-holes  bored,   413. 

screws  used  in  best,  414. 

term,   how   used.    364. 
"Hardwood   Record,"  flooring-data,  5x9. 
Hardwoods  (see  Broad-leaved  trees). 
Hardy  catalpa    (see  Catalpa). 
Hartmann-Sanders     Co.,     "Koll's"     patent 

columns,    311. 
"Hart's"   patent  hinge,   552. 
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Hartwell,   Richardson  &  DrivcTp  suspended 

floors,   708. 
Haslett    &     Ward,     "Timber    and    Timber 

Trees,"    37. 
Hatfield,    R.    G.,    tests   of   bridged    beams, 

109. 
Hays,    W.    C,    woods    for   particular    uses, 

31. 
Hazelhurst   &   Huckel,   window-design,    198. 
Headers,  building  codes  require,   120. 
floor,   1 08. 

framing  of,   120,   121,   122. 
Hearth,   tile,   brick-arch  support,   342. 
concrete  and  wood  subAoor  support,  343. 
foundations    for,    343. 
Heart-wood,   color  ox,   9. 

shrinkage  of,   20. 
Heat-insulation,  mineral  wool,  348,  350. 
Hemlock,  eastern,  properties  and  uses,  46. 
flooring,    527. 

western,   properties  and  uses,  46.  47. 
"Hickory  poplar"    (see  Whitewood). 
Hickory,   properties    and    uses,    74. 
Hinge,  Hmges,    (see,  also.   Butts). 
"American,"   563. 
ball-bearing,   557,   558,   566. 
blinds,    "holdback,'^   ^so. 
••Ideal,"    651. 
New   York  type,   650. 
sizes^  649. 

specifications    for,    757. 
wrought-steel,  649. 
"Bommer,"    562,    563. 
bookcase,   513. 
brass,  548. 
bronze    finish,    552. 
"Chicago,"  564. 
"Clark,^*  6s  I. 
classes  of,   551. 
composition   metal,    553. 
corrugated,    552. 
dining-room  door,   566. 
double-acting  doors,   566. 
double-action,    spring,    561. 
floor,   checking,    569. 

"Chicago"  mortise,   566,  567. 
"Russwin,"  569. 
spring,    568. 
types  of,   56-5. 
frictionless,    553,    560. 
galvanized,   552. 
gravity,   650,  651. 
catch   for,   652. 
"Clark,"    651. 
"Shepard,"   651. 
wrought-iron,  651. 
half  and  hook,   649. 
••Hart's"    Patent,    552. 
hold-back,    566,   650. 
hollow  cylinder,  563. 
hollow  metal,  424. 
inside-shutter,   647. 
japanned  finish,   552. 
marble,   water-closet  door,  565. 
mortise^   floor^    564. 
non-rismg,    pm,    558. 
number  of  to  door,  560. 
oflice-gate,    624. 
ornamental,    553. 
outside-blind,   649. 
outside,    blind-awning,    651. 
"Oxford,"    563; 
pipe,  single-action,  623. 
pivot,    5 1 3.    567,    568. 
flour-bin,    511. 
"Russwin,  *    570. 
secret   doors,    569. 
single-axis,  types  of,  565. 


Hinge,  hinges  (continued). 
"Premier,"    564. 
"Relax,"    J64. 
roller-bearing,    553. 
"Shepard,"  651. 
shutter,   648. 

brick  buildings,   649,   Oko* 

"Ideal,"    651. 

New   York   style,   650. 

three-fold,   648,   649. 

throw  of,   649. 
single  door,   C50. 
size  of,  in  relation  to  door,  560. 
•*So8»"   invisible,   SS3' 
spring,  SSI,   563. 

"Bommer,"    563,    6121. 

checking,    569,    570. 

checking- bumper,    570. 

"Chicago  Premier,'^'  566.  567. 

"Chicago   Relax,"   565,   567. 

"Chicago  Triplex,      lavatory-door,   565, 

567. 

"Columbia,"    621. 

double-action,    561. 

double-acting  doors,   564. 

double-axis,   types    of,    564. 

fire-engine  houses,   S7o,   572,  573. 

heavy  doors,    570. 

hold-back,  621. 

materials.    564. 

"New    Idea,"    double-acting,    566.    568. 

"Oxford."   621. 

reverse-spring,   570. 

single-axis  type,    564. 

sizes  of,   564. 

types    of,    564. 
"Stanley"    ball-bearing,    557. 
"Stanley"   corrugated,    552. 
sted    finish,    552. 
strap,    S5I.   552- 
surface,  shutter,  648. 

T,    SSI.    552- 

"Triplex.'"^  S62,   563,    564. 

water-closet   door,    565,   624. 
Hinge-plates, 

various  types,    553. 
Hip-rafters,    146. 
Hip-rolls,   ^27. 

specifications,    76^. 
Hip-roof,  trussing  for  wide  span,  161. 

wide  span,  outlines,  163. 
Hips,  roof,   325. 

Hires-Turner  Glass  Co.,  window-glass,  229. 
Hoegger,   J.    A.,    "Surelock"   door-fastener, 

612,    613. 
"Holdfast"  sash-adjuster.  647, 
Hollow-metal  doors,   sashes  and  trim,  422, 

442. 
Holly,   American,   74. 
Hoods,  details  of,  314. 

over  entrance  door,  3x5. 
Hook-strip,    503. 
Hooks,  clothes,  6s6. 
Hornbeam    (see   Beech). 
Horse  chestnut    (see   Buckeye). 
Hospitals,    sash-fixtures   for,   202. 
Hotels,   locks   for,    596,    599. 
Howe   trusses,    floor-supports,    705,    706. 
Hungerford    Brass   &    Copper    Co.,    U.    T., 
"Gilmon"     snow-guards,     335. 

sash-chains,   633. 


T-Beam  girders,  mill-construction,  730,  735- 
I-Beam    hangers,    "Duplex,"    127. 
I   Beams,   box-hangers  for,   X28. 
framing   supporto,    137. 
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I  Beams  (continued). 

E'rder-connection   to,    127. 
mgers,  703. 

joists  framed  to,   127,   128,   129. 

partitions  supported  by,   136. 

running-track,    680. 

shelf -hanger,    128. 
I-Beam   shelf-hangers,    128. 
"Idaho  cedar"    (see   Cedar,    western   red). 
Illsley,  Chas.  £.,  framing  porch-floors,  108. 
Imported  woods    (see  Woods,   imported). 
Incense  cedar   (see  Cedar,  incense). 
Indicator-dials^   .water-closet    doors,    624. 
"Inland  Architect,"  framing  of  porch-floor, 

108. 
Inspection  (See,  also.  Superintendence). 

lumber,   28,    164. 
Inspectors,  qualifications  for,    164. 
Insurance   in   specifications,   7^5. 
Interior   plaster,    painting    and   varnishing, 

795' 
Interior  softwoods,   natural  finish,   794. 
"Interior  Woodwork,"  by  A.  C.  Nye,  shut- 
ters, inside,  443. 
"Invincible"    hanp^ers,    575. 
Iron,  exterior,  (>ainting  ox,  801. 
Iron   fences,  painting,   793. 
Iron  wood    (see   Beech). 
Ives  Co.,  11.  B.,  "Eclipse-Metel,"  550. 

sash-fast,  640. 

window-ventilating  lock,  642. 


Jacobs,  H.  B.,  residence  of,  274,  277. 
Jamb-casings,   recessed   windows,   412. 
window,  411. 

splayed,    colonial    type,    412. 
Jambs,   door,   inside,  402. 

for  metal-covered  frames,  419. 
metal  428. 
splayed,    443. 
walls,    thick,    402. 
window,    188,   410.^ 
wrought-iron,   detail  of,  428. 
amb-strip,   concave,   568. 
apanning,     hardware-finish,     547. 
ohns-Manvill     Co.,     H.     W.,     "Keystone" 
hair  insulator,   346. 
Johnson,     J.     B.,     shearing-strength     data, 


} 
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U.   S. 


Gov.   timber-tests,   15. 
Joiners'    work,    363. 

in  shop,  366. 

inside  finish,  379. 

inspection    of,    536. 
Joint,  Joints, 

beveled,  716,  717. 

bird*s-mouth,    716,    717. 

block-and-miter,    406. 

boarding,   built-up,   373. 

butt,    716,    717. 
objection    to,    367. 

cogged,  716,  717. 

common-timber,   716. 

compression,  719. 

coped,  use  of,  369. 

covered,   370. 

dapped,  716,  717,  719. 

"double    notching,       716,    717. 

double-stepped,    716,    717. 

dovetailed,  371. 

reentering  angles,  370. 

dovetail-halving,    716,    717. 

doweled,   373. 

eccentrk,    tabled-fishplate,    719. 

"fished,"   04. 

fished-and-k^yed,    719. 


Joint,  Joints  (continued), 
fished-and-keyed,  scarf,  7x9. 
fishplate-scarf,    719. 
framing,  heavv,  wood,  716. 
glued-and-blocked,    371. 
glued,   how  strengthened,   372. 
half -lap,    compression,    719. 
halving,   716,   717. 
head-block,   716,   717. 
housed,  370,  716,  717. 
keyed,  lap,  719. 
metal-fishplate,   719. 
mitered,   368,  369. 

glued,   414. 
mortise-and-tenon,  372,  373. 

sliding  blinds,  448. 
scarf,   719. 

scarf -and-tabled,    fishplate,    719. 
scarfed,    eccentric,    fishplate,   keyed,   719. 
"single  notching,"  716,  717. 
splined,  368,  37^. 
splined-and-keyea  373. 
straight,  406. 
strut  and  beam,  716,  719. 
tabled,  fishplate,  719. 
tension,    716,    719. 
tongued-and-grooved,    367. 
wood-fishplate,  719. 
wooden-truss,  721. 
Joint-bolts,   545. 
hand-rail,    498. 
Joist,   Joists, 

anchors   for,   how  placed,    X14. 

"bearing-strips,"    126. 

beveled    ends,    in    brickwork,     114. 

buckling  of,   669. 

built   into  walls,   objections,    117. 

ceiling,    anchored    to    walls,    354. 

built  into  walls,  354. 

cross-furred,   354. 

false-girt   supports,    354. 

maximum   spans,   826. 

size   of,    354. 

suspended,    354. 

trussing   of,    354. 
church-galleries,    674. 
connection   to  sills,    104. 
cross-furred,   354. 
door-openings,    112. 
"Duplex"     hangers,     105. 
fire-danger,   683. 
fire-stops    for,    349. 
floor,   attic,    102,    104. 

bridging  for,  xo8. 

cross-furred,    104. 

crowning,    104. 

girder-connection,   698. 

now   supported,    104. 

iron  dogs,  699. 

maximum  spans,   826. 

rafters  tied  to,    150. 

sizes  of,  25,  90. 

sizing,    X04. 

spacing  of,  X04. 

specifications   for,  747,   760. 

tables    for,    828,    829,    830,    831,    83a, 

.    833. 
tying  rafters  to  150. 
flush   with   girders,    105,    699. 
framed  to  deep  I  beam,   128. 
framed  to  flitch-plate  girders,   125. 
framing  of,  105,  106. 
furring  of,  352. 

gallery,  674.  67 S»  676.      ^ 
girder-connections,    126,    699. 
hang^f3    benefits  ot,  X05. 

I-l>eani '  t^*"^*"*  "7»  "*'  "^' 
"^cliug^tion  oi,  669. 
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Joitt,  Joiitt  (contintted). 
mice-ttopt  between,  349. 
mortiac-and-tenon,    106. 
notched  for  false  girt,  105. 
on   top   of   i^irder,   699. 
partition-bearing,   135. 
porcb-floor,   108. 
running-track,  680. 
second-floor,   94. 
specifications  for,  746. 

sauare"   ends,   114. 
wall-boxes   for,    117. 
wall-hangers  for,  115,  118. 
window-openings,    11  a. 

Joist-hangers     (see    Hangers,    joist), 
oseph  Bardsley  Manufacturing  Co.,  spring- 
ninges,    560. 
Juglans   (see  Walnut). 
Julians  regia  (see  Walnut,  Circassian). 
Juices  of  the  soil,  absorption  of  by  trees, 

3- 

Juniper,   western,  properties  and  uses,   49. 

Juntperus  (see  Cedar). 

Junipenu  ocddentalis    (see   Juniper,    west- 
ern). 

Juniptrus  virginiana    (see  Cedar,   red). 


Kalamein, 

incorrect  use  of  term,  416. 
Kalamein   iron,   416. 

derivation  of  name,  416. 

sash,   window,  421, 
casement,   422. 
Kalamine    (see   Kalamein). 
Kannel,   T.   Van,   revolving  doors,  394. 
Kawneer    Manufacturing    Co.,     store-front 

construction,  227,  228. 
Keen,^    Charles     Barton,     door-frames    de- 
signed by,  403. 

entrance-door  details,  314. 
Keene*s  cement  trim,  403. 
Key-plates, 


lock,   604,   60%. 
Kejrs    (see    Locks). 


«« 


Keystone"  hair  insulators,   ^46. 
Khaya  senegalensis    (see    Manogany,    Afri- 
can). 
Kick-plateSj    double-action    doors,    550. 
Kidwell,    Edgar, 

comparative  tests  of  bracing,  700. 

compound   beams,    709,    7x0,    7x1. 
Kidwell  patent,  metal  brace,  701. 
Kiln-dried   wood, 

weight  of,   II. 
Kiln-drying    of   woods,    14, 
''Kimball"  ball-bearing  d^wer-slide,  514. 
Kinnear   Manufacturing  Co.,   coiling  parti- 
tions,   455. 

skvlighL   details,   320,   321. 
Kitcnen  dresser   (see  Dresser). 

pantry,    505. 
Knee-bracing,    heavy    framing,    701. 
Kneelers,  332. 
Knob-bolts,   591. 
Knob-locks,  591. 
Knob-shanks,  adjustable,  609. 
Knobs,  603. 

adjustment,   657. 

attachment  of,  608. 

Bower-Barffed,    606. 

brass,    548. 

cast,  546. 

common,  604. 

materials  used,   606,   607. 

plating  of,    547. 

shutter,  647. 


Knobs  (continued). 

size  of,   606. 

specifications  for,  665,  781. 

spun,   60s,   606. 

styles  and  types,  606,  607. 
Knots  in  woods,  6,  21,  29. 

classification  of,  21,  22. 

dead,    6. 

eifect   on   grain,   8. 

pine,   6. 

spruce,    6. 

strength  and  sound  affected  by,  9. 

weakening   effect   of,    21. 
KoU's  patent,   columns,   311. 
"Kore-lock"    patent,    veneered    door,     39a, 

393. 
Kyan's  process  of  preserving  wood,   36. 


Lane  Brothers  Co., 

door-hangers,    125,    572,    574,    576,    578, 

^       739,    737. 

hangers,    barn-door,    576. 

trolley-tracks    and    hangers,    572. 
Larch,  47,  48, 
Larix  (see  Larch). 
Latches,    580. 

knob.   591,    592. 

lock,  587,  657. 

night,   types  of,   602. 

reverse-bevel.    557. 

unit,    Russell    &    Erwin,    603. 

"Yale,"  vestibule,  595. 
Latch  and  handles,  door,  6rx. 
Lath,   how  sold,  28. 

n>«tal,  357. 

woods  used,  incense  cedar,  49. 
spruce,  4^. 
Lathing,   furrmg  for,  352. 

wire,   671,   O73. 
Lattice,   how  sold,   28. 

porch,   306. 
Laurel,  properties  and  uses,  74. 
Lavatories,    "Eclipse-metar*    finish,    550. 

hinges  for,   565. 
Leaded  glass,    specifications,    230. 
Leaders,  285. 
Lead  pencils, 

cedar,    49; 
Leadf   sheet,  wooden  gutters,   251. 
Leavitt    Machine    Co.,    barrel-swing,    505. 
Ledger-boards,  102. 

Letter-plates,    hollow-metal    doors,    424. 
Letter-slide,    hollow-metal    doors,    426. 
Libocedrus  .(see  Cedar). 
Libocedrus  decurrens  (see  Cedan  incense). 
Lidgerwod       Manufacturing       Co.,       sash- 
weights,  637. 
Light-area,    framing   for,    702. 
Lignum  vitae,   74,   75. 
Lime-trees   (see  Basswood). 
Limnoria  or  gribble,   33. 
Limnoria   terebrans^    33. 
Linds   (see  Basswood). 
Lindens  (see  Basswood). 
Lindley  &  Moore,   "The  Treasury  of  Bot- 
any," 37. 
Linen-closets   and   chests,   31* 
Sinks,    kitchen,   specifications   for,   778. 
Linteis, 

outside,    184. 

specifications  for,   y62,   790. 

stone,    bay   windows,    215. 
Liquidamber  and  Nyssa  (see  Gum). 
Liriodendron   tulipifera    (see  Whitewood). 
Loblolly   pine    (see   Pine,    loblolly). 
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Iiock,  Locks, 
asylums,  598. 
auxiliary  tumblers,   597. 
"back-set,"   593. 
bolt  for,  586. 
Bower- Barffed,    548. 
case   for,   584. 
cast,   546,   586. 
catch,   587. 

chamber-doors,   591,   592,   593. 
classification  of,  580. 
combined   escutcheon,   604. 
communicating-door,   593,  594. 
construction,    general,    585. 
cylinder,   580,   590,   599,  601. 
dead,   591. 

dead- bolts,   591,   592. 
description   of,    580,    581. 
easy-spring,    "Sargent^*    type,    587. 
front-door,    594,    60  x,   606. 
front,  rebated,   592. 
grades  of,   590. 

grand-master-keyed,   598. 
alf -mortise,   580. 
"hand"  of,  557. 
height  from  floor,  6^7. 
holfow-metal   doors,    424,   426,   439. 
hotel,   599. 
keying  of,  "bit-key,"  581. 

change,  598. 

emergency,   598. 

general  type,   589. 

guest-key,   599. 

lock-out,  598. 

master,  598. 
key-plates   tor,  604,   605. 
knob,    591,   603. 

"back-set,"  593. 
knob  and  latch,  592,  593. 
knob-bolts,  591,  592. 
knob-latches,    591,    592. 
knobs  for,    (see  Knobs), 
latch-bolt,   588. 
latches  for,  587,  590. 
levers  of,   586,    588. 
lever  tumbler,  580,  581. 
master-keyed,    596,    597,    598,    599- 
mortise,    580,    589,    603,   057. 

sets,  609. 
mortise,   uiob,   tumbler,   597. 
office,   601,   602. 
ornamental   trimmings,   6zo. 
pkking  of,    584. 
pin-tumbler,    580. 
rim,  580. 

roses  for,  603,  604,  606. 
safety,   595. 
"Sargent,'*^  587. 
slidin^-door,    506. 
specifications  tor^  665,   782. 
spindle    (see    Spindles), 
store-door,  ^91,   592,    5941   <^oi. 
strike,    antifriction,    588. 
striking-plate   adjustment,   6^7. 
"Surelock,"    construction    of,    613. 
three-bolt,    591,    59«.    593- 
tumbler,  583.  586.  590,  601. 
turret,    metallic    fire-proof    doors,    580. 
txnion,   **Sargent,"   596. 
unit,   adjustable  locVsets,   595. 
universities,   598. 
upriffht.   S92. 
vestibuIe-door,  594,  606. 
wards   for,    584. 
window,  metal,  580. 
wrought-metal,   589. 

"Yale"      paracentric      escutcheon,      600, 
601. 


Locks 
"Yale"  (continued), 
front-door,    595. 
protected  strike,  60 x. 
''Vulcan,"   §89. 
Lockers,  locks  for,   601. 
Lock-fronts,    bronze    finish,    ^48. 
"Locks  and  Hardware,"  by  H.   R.  Towne, 

specifications   of   hardware,    660. 
Lock-sets.    Bower-Barffed,    548. 
Locking-device,   air,   397. 
Locust, 

black,  75. 

honey,   75. 
"Logging     (see  Lumbering),  New  England 

term,   27, 
Lookouts,    angle-iron,    278. 

specifications   for,    762,    789. 

through    brick   walls,    277. 
"Loraine"      escutcheon-plfete      and      knob, 

609. 
Los     Angeles,     Cala.,     Hall     of     Records, 

metal-covered   trim,    416. 
Louvers,    construction    of,    278. 
Love   Bros.,    Inc.,   store- front  construction, 

226. 
Ludovici   Spanish  tile,  278. 
Lumber    (see,   also.   Timber  and  Wood). 

architects    responsible    for    waste,    26. 

bastard-sawed,  4,  22,  23. 

board-measure,   sold  by,  27. 

broad-leaved,    37. 

characteristics  and   uses,   37. 

checks  in,  cause  of,    18. 

chemical    substances   in,    9. 

common   rot  in,  33. 

consumption,    i. 

cross-grain  in,  29. 

decay   of,    31. 

decomposition,  odor,  9. 

defects  in,   21. 

diseased,  9. 

dry  rot  in,  32,  33. 

drying  of,  12. 

dryness,   measure  of,   15. 

durability  of^  28,  31. 

effect  of  moisture  on,  28. 

exposure  of,   9. 

framing,    bastard-sawed,    25. 

general  classification,   37. 

general  condition  of,  28. 

green,  weight  of,   xo. 

hardwood,  grading,   53. 

heart-shakes,   21. 

heart-wood,   28. 

inspection  of,  28,   164. 

kiln-drying,   iz,   14. 

knots  in    (see   Knots  in  wood). 

market  prices  of,  26,  86. 

measurement  of,  27. 

merchant-sizes     of,     25. 

method    of  piling   for   kiln,    14. 

moisture  in,    xx,    z6. 

needle-leaved  trees,   37. 

odd  lengths,   25. 

odor,  cause  of,  9. 

piling  of,    13. 

preserving,    34,    35,    36. 

production,    i. 

quarter-sawed,    19,   24,   25. 

railroad  ties,   25. 

resonance   of,   9. 

sawing  of,   22,   23. 

seasoned,    moisture   in,    29. 

seasoning  of,   12. 

shakes  in,  21. 

Short  lengths.   25. 

shrinkage  of,  16,  17,  18,  X9,  ao. 
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Lumber  (continued). 

soft-woods  (see  Needle-leaved  trees). 

special   purposes,    30. 

specifications,    waste    reduced   by,   25. 

steaming  of,   15. 

strength  of,  4,  29. 

supply,   I. 

terms,  27, 

varieties  used  in  United  States,  37, 

waney  edges,  23. 

waste  of,   25,  27, 

weight  of,  4,   10,    II,  29. 

wet  rot  in,   33. 
Lumber-dealer,  27, 
"Lumbering"       (see      Logging),      western 

term,   27. 
"Lundy"  hanger.  578. 
Luxfer  Prism  Co.,   refraction  of  light  by 

prisms,  237. 
Lycorit  fucata,  34. 


Magnolia,  75. 

5,  ik. 

ao8. 


Magonigle, 


VanBuren,   building-design, 


mantel,  517. 
Mahogany,   76,   77,   78,   79- 

African,  77,  78,  80. 

Central^  American,    77. 

Colombian,   77,   79. 

East  India,  77,  80. 

Honduras,  78. 

imitation,    77. 

Indian,   77. 

Mexican  cedar,  80. 

Rhus  integrifolia,   77. 

"Spanish   cedar,*'   80. 

species,   minor,    77. 

true,   swietenia   mahogani,   77 ^   78,   79. 

veneers,  78. 

white,  77,  79- 
Mansard    roofs    (see    Roofs,    Mansard). 
Mantels,  details  of,   516. 

Briercliff  Manor,  517. 

finish,  378. 
Maple.  59,  60.  61. 

asb-Ieaved   (see   Maple,  boxelder). 

bird's  eye,  6,  60. 

boxelder,   61. 

"broad-leaved"    (see   Maple,   Oregon). 

"curly,"  60. 

"European   sycamore,"    59. 

flooring,    519,   $27. 

grain  of,  6. 

"hard"    (see   Maple,   sugar). 

Oregon,  60,  61. 

red   (swamp),  60. 

rock  (see  Maple,  sugar). 

silver,  60. 

sugar,   50,  60. 

swamp   (red),  60. 

"water  "    60. 
Marble,   Pavonezza,    517. 
Market  prices  of  woods,  86,  87,   88. 
Martin,  C.  A., 

cellar-window   frames,    172. 

construction  of  bases,  465. 

dresser-details,    507. 

eyebrow   dormer-window,    x6i. 
"Mason"   safety-tread,    502. 
"Materials    of     Construction,"     by    J.     B. 

Johnson,   shearing-strength,    815. 
Maximum  spans,  joists,  ceiling,   828. 

floor,  829,   830,  831,   832,  833. 

rafters,   828,   834,   835* 
McCrum-Howell    Co.,    transom-lifters,    620. 


I  McElfatrkk  &  Son,  balconies  of  theaten, 
671,  673. 
McKim,  Mead  &  White,  double-hung  win- 
dow.  186. 
roof  oesign.   152. 
McMaster,    H.    B.,    "MeUl   Lath   in    Resi- 
dence-Construction,"   143. 
Measurement  of  lumber,  27. 
Mechanical  properties,  wood,  2. 
Medford,    Mass.,   Cxovernor   Brooks'   house, 

roof -outlines,    152. 
Medicine-closet  and  chest,  specificationa  for, 

777*  786. 
Medullary  rays,  2,  3,  x8,  63. 
Meeting-rails,    bronze-covered,    419. 
Merchant-sizes  of  lumber,   25. 
"Merisier,"   55. 
"Merisier   rouge,"   55. 
"Mesquite"    (see  Locust). 
Metal-covered    finish    (see    Finish,    Doofit 

Door-frames,    Window-frames,    etc). 
Metal    finish,    doors,    sashes,    frames    and 
trim,  ^14. 
fire-proot,  414. 
Metal  lath,  357. 
"Metal    Lath    in    Residence-Construction,** 

McMaster,  H.  B.,   143. 
Metal  work,    superintendence    of,    338. 
Mexican    cedar    (see   Spanish   cedar). 
Mice-stops,^  provisions    for,    349,    350. 

specifications   for,  759,   767. 
Michigan   Engine   Valve   Co.,   sash-centers* 

647. 
Mill-construction,   advantages   of,    741. 
beam-ends  of  girders,  736. 
beams,  736. 
box-ancnors,    73^. 
buildings,   741. 
calculating  loads,  736. 
columns,    Dolted   together,   736. 
definitions  of,   724. 
details  of,   726,  727,  728,  730,  731. 
disadvantages,    741. 
durability,    741. 
example  of,  725. 
fire-proof    constrtKtion     compared    with, 

682.^ 
fire-resisting,   682,   724,    741. 
first  examples  of,  725. 
floors  of,  725. 

laminated,  733,  735. 
floor-beams,   framed  to  girders,   731. 
general  principles,   724. 
girders,    anchoring   wall-ends,    736. 
connected,   736. 
supports   for  beam-ends,   736. 
supports    for   column-ends,    736. 
I-beam  girders,   730,   735. 
joist-hangers^   728,   729,   730,   731. 

required  for  heavy  framing,  733. 
ofiice-buildings,  699. 

framing-details,  735,  736. 
overfloorinja^,   725. 
paint  applied,  741. 

girtitions,  fire-resisting,  741. 
hiladelphia  building  code,    74c. 
pintles,  cast-iron,  734. 
plates,  cast-iron,  734. 
posts,   wood,    727. 

steel   girders,   732. 
post-bases,   728,   729,   730,  731. 
post-caps,   728,   729,  730.   731. 

cast-iron,  733. 

"pintle;type,';  733. 
ropfs,  celling  below,  739,  740. 

church,  740. 

details  of,  740. 

factories,   739. 
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Mi]l«mstniction, 
roofs  (continued). 

flat,  739. 

framing,  733,  .739« 

mercantile   buildms 

pitched,  740. 

warehouses,  739. 
slow-burning,  699,  731,  736. 
specifications  for,  786. 
steel   girders,   wooden  posts,   732. 
stirrups,   730,   733. 
stores,    framing-method,    735. 
stores,    office-buildings,   etc.,   699. 
Stradling,  A.  P.,  724. 
timbers,    "built-up,"    741. 
types   and   details,    726,    727,    7^8,    729, 

730. 
wall-boxes,    728,    7^9*   730,   73 1,    733- 
wall-hangers,    raS,    729,    730,    731. 
wall-plates,   728,  7*9,,  730,   73i.   733- 
Mmeral    wool,    properties    and    uses,    143, 

34.%  349.      ^  ^^ 

specifications   for,   759,   766. 

Mirrors,    glass  in,   239. 

Miter-braos,  ^14. 

Mitered    finiso,    door-openings,    404,    406, 

410. 
Miter-joints,  368. 
"Modern    Lumber   as   a   Problem    for    the 

Painter,"    preparing  paints,    798. 
Moisture  in  trees  and  lumber,    11,   12. 
Moldings,  architect's  sections,  378. 

band,  377. 

baw,  377,  4^4. 

bed.  376,  377. 

deck,  metal,  328. 

designed   bv   architect,    377. 

effect,  shades  and  shadows,  378. 

egg-and-dart,  407. 

flush-panel,  ^77. 

general  considerations,  374. 
ollow-metal,  ^2,  427,   428. 

hollow-metal   doors,   424. 

hollow-steel   doors,    426,    427. 

how  sold,  28,  377. 

kinds  of,  375,  376. 

machine-made,  366. 

metal-covered  sash,  421. 

mitered,  406. 

mitering  raking  to  horizontal,  290. 

nominal  size,  _379>  t 

picture    (see  Picture-molding). 

"planted  on,"  377. 

prkse  of,  377. 

raised,   377. 

raking,  290. 

scale  details,   378. 

shrinkage,  effects  of,  379. 

solid^   376. 

specifications,  377. 

sprung,  376. 

stock,    377. 

stuck,   377. 

"undercut,"  378. 

wainscot  paneling,  467. 

window,  419. 
"Monel,"   composition  of,   260. 
Mop-boards,   463. 

Motors,   electric,   revolving  door,   395. 
Mountain   magnolia    (see    Cucumber   tree). 
Mulberry,    7^. 
Mullioned  windows,  412. 
Mullions,   brick,    192. 

details  of,    191. 

stone,   175,   192,  205. 

wooden  buildings,   191. 
Muntins,  206,  2x8. 

coped,  369. 
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Muntins  (continued). 

hollow-metal,  430. 
Myrtle   tree    (see   Laurel). 

N 

Nails,     adhesive     resistance,     smooth     and 
coated,  855. 
brads,  5iio. 

brass,  where  used,  542. 
casing,    540. 

cemwit-coated,   54a,   543,  855- 
clinch,   541. 
clout,   S40* 

copper,  where  used,  542. 
cut,  «9,  540. 

holdmg-power,  542. 
fine,   540. 

finishing,  4x2,  540. 
floor,  530,  540. 
holdmg-power,   542. 
kinds  of,   539. 
lengths  of,  54  x. 
miter-brads.  414. 
parquetry-flooring,   535. 
shingling,   540. 

number  oer  square  of  roof,  325. 
sizes   for  different  kinds  of   work, 

542. 
slating,   540. 
special,   384,    540. 
table,    names,   lengths,   etc.,   S4i* 
tests  of,  542, 
wire,  540,  542. 
Narrangansett    Machine    (>>.,    Providence, 

R.   I.,    running-tracks,   68 x. 
"Natco"  hollow  tile,   x88,  278. 
National      Board      of      Fire-Underwriters, 
"Duplex"   wall-hanger,    119. 
framing  around  chimney,   107. 
post-caps,  approved,  600,  691. 
sizes  of  glass  allowed,   429. 
test  of  hangers,  864. 
National    Fireproofing    Co.,    "Natco"    tile, 

188,  2^9. 
National   Fire  Protective  Association,  win- 
dows approved,  types  of,  428. 
"National"  hangers,   124,  737,  739. 
"Natural   finislv'   term,   how   used,    364. 
Needle-leaved     trees     and     timber      (see, 
alsOf   Softwoods),   5,  37. 
classifications,  363. 
varieties,   cedar,  48. 
cvpress,   50. 
Douglas  fir,  44. 

fir,  43- 
hemlock,  46. 
larch,  47. 
pine,  37,  39. 
redwood,  51. 
spruce,   42. 
tamarack,   4^. 
Newel-posts,    built-up,   497. 
geometrical  stair,  500. 
specifications  for,   774. 
stair,  499. 
turned,   497. 
New  England  Mutual  Insurance  Cot.,  ad- 
vise boring  posts,  664. 
New   York  City,    Abbey's   theater,   balcon- 
ies, 671. 
American    Ex.    Co.'s    stables,    floor-sup- 
ports, 705. 
Barclay    building,    metal-covered    finish, 

building  laws,  fire-proof  buildings,  415. 
metal  nnish,  414. 
roof -requirements,  X5x. 
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New  York  City, 
building  laws  (continued), 
sidewalk-sheds,    7J1,    J22, 
sizes  of  steel-pipe,  852. 
"Standard"   steel   pipes,   850. 
steel  pipes,  85^. 
Bureau   of    Buildings,    formula,   calculat- 
ing pipe-columns,    696. 
Empire   theater,  gallery-stepping,   671. 
Fifth    Avenue    office-building,    metal-cov- 
ered trim,   41^. 
Germania     Life    ins.     building,     hollow, 
steel   doors,   426. 
metal-covered   trim,   41c 
Home    Club    building,    aetails    of    win- 
dow,   206. 
Manhattan     Life     Ins.     Co. 'a     building, 

metal-covered  finish,  415. 
McAlpin   hotel,   hollow,   steel  doors,   426. 
Metropolitan    Tower,    metal-covered    fin- 
ish, 415. 
Ritz-Carlton    hotel,    hollow,    steel    doors, 

426. 
Singer  building,  metallic  doors,  426. 
stairs  of  public  buildings,   ^89. 
U.     S.     Express    Co.     building,    metallic 

doors,  426. 
U.     S.     Immigration     Station,     double- 

hung-window  design,  186. 
Universitv    Qub    building,     sections    of 

double-hung   window,    186,    194. 
Vanderbilt    hotel,     hollow,    steel    doors, 
426. 
metal  trim,  ^16. 
Woolworth  building,  hollow,  steel  doors, 
426. 
New  York  Holding  and  Construction  Co., 

reinforced  tile,  x86,  187. 
Night-latches,   602. 

sliding  door,  596. 
Nickel-plating,    hardware,    547. 
Noble  fir    (see   Fir,   noble). 
Non-fire-proof   buildings,    668. 
North.   A.   T.j   strength   of  materials,   827. 
"North    Carolina   yellow  pine**    (see   Pine, 

short-leaf). 
Northern    Pine    Manufacturers    of    Minne- 
apolis,   Minn.,    grading-rules.    527. 
Norton  Door  Check  Co.,   door-cnecks,  625. 
Norway   pine    (see   Pine,    Norway). 
Nosings,    375. 

stair-treads,  485. 
"Notes     on     Building-Construction,*'     dry 

rot  in  timber,   33. 
Nye,    Alvin    C,    dimensions    of    furniture, 

517. 
"Interior   Woodwork,**   443,    480. 
paneling-details,   480. 
Nyssa  and  Liquidamber  (see  Gum). 


Oak,  ^  annual  rings,   7. 
Arizona,  white,  67. 
bark,   61. 
blackjack,   67. 
blue.  68. 
bluejack.  68. 

botanical  distinctions,  62. 
bur^    properties    and    uses,    64- 
California   black,    67. 
California,   live,   66. 
canon  live,  66. 
character  of  wood,   62. 
chestnut,    properties   and   uses,    64. 
chinquapin,  64. 
color,   change  of,   9. 
commercial   divisions,   62. 


Oak  (continued), 
cow,  65. 

description,  general,  61. 
distribution   of,    61,    62. 
divisions,    cocpmercially,    62» 
drying,  rate  of,  15.  , 

Durand,  67. 
emory,  67. 
Enghsh  brown,  8x. 
flooring,    519. 
habitat,  61,  6j. 
highland   live,  66. 
laurel,  67. 
live,  62. 
overcup,  65. 
Pacific  post,  67. 

parquet-flooring,    steel-woven,    533. 
parquetry-strips,  534. 
pin,   uses,  68. 

plank,    isometric    perspective,    8. 
post,  qualities  and  uses,   65. 
qualities  of,   62. 
quarter-sawed,   3,   78. 

flooring,  25. 
red,   properties,   range,   siae,   species,   6a, 

63,  64. 
scarlet,  67.  > 

sections,   2,    7. 


shingle,  uses,  67. 
silver-mottled,   3. 
size  of  trees,  ^2. 


trees,   __ 
southern   live,   66. 
Spanish,    64,   65. 
species,   61. 
spring-wood  of,   7. 
substitutes  for,  61. 
swamp  Spanish,  66. 
swamp  white,   6$,   66. 
tanbark,  66. 
Texas  red,  65. 
turkey,  67. 
uses,  62. 
valley,  6^. 
water,  66. 
weight  of,  10. 
white,   62,   63. 
lumber,   63. 

quarter-sawing,  62,  63. 
substitutes   for,   63. 
veneers,   63. 
willow,   67. 
yellow,  68. 
"Oak   Flooring,**   526,    527. 
Oak    Flooring    Manufacturers*    Association 
of  the   U.   S^   flooring-data,    519,   526, 
527- 
Oat-bins,  woods  used,  47. 
Odd   Fellows*  Temple,    197,   213. 
Office-buildings,    floor-supporting,    683. 
locks  for,   59^,  596. 

mill-construction    applied    to,    699,    735, 
736. 
Oflic^doors,    locks   for,   601,    602. 

night  latches  for,  602. 
Ofiice-gate  hinges,   6^24. 
Ohio    buckeye    (see    Suckeye,    Ohio). 
"Old   English   Slate,**   769. 
Olivetree    (see  Gum,  cotton). 
Oneida    Community    Ltd.,    sash-chain,    633. 
Oregon   ash    (see   Ash,   Oregon). 
Oregon    Lumber    Manufacturers*    Associa- 
tion  of   Portland,    Ore.,    527. 
"Oregon  pine"    (see  Douglas  fir). 
Oriel   Windows   (see  Windows,  oriel). 
Osage     orange,     characteristics,     properties 

and  uses,   75. 
Otis    Manufacturing   Co.,    imported   woods, 
76. 
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Outside  finish  (see  Finish,  oqtside),  woods 

for,   ^o. 
"Outside-In"       casement-window       cleaner, 

647. 
Overfloors,    519.     (See,    also.    Floors), 
base,   bow  applied,   464. 
mill-construction,   725. 
specifications  for,  779. 


Pacific    Coast   Lumber   ]\fanufacturers*    As- 
sociation,   grading-rules,    527. 
Padouk    (see   Mahogany,   East   India). 
Paine   Lumber   Co.,   veneered  door,   392. 
Paint|    fire-proofing,    415. 
Painting      (see      Specifications,     painting), 
mill-construction,    741. 

specifications   for,    752. 

superintendence  of,  338. 
Palm.  2,  6. 
Panel-back,  sliding  blinds,  449. 

windows,  4ia*  , 
Paneled  jambs,    inside   door-frames,   402. 
Paneled     wainscot,      "Craftsman''     design, 

472- 
Panel-moldings,    hollow-steel,   426. 
Panel-work,   screws  for,    543. 
Panels,     door,     asbestos     in     hollow-metal 
doorSj   423. 

Kalamein-iron-covered,    420. 

glass,  372. 

metal,   428. 

sheet-steel   in   doors,   427. 

solid  in  hollow-steel   door,   435. 

wainscoting,   467,   468,   469. 

wood,  372. 
Panic-exit    door-bolts,    616. 
Pantry^,  butler's,  504. 

specifications   for,   776. 
Pantry,   dresser,    506. 

flour-bin,  506. 

hinges  for  door  of,  566. 

kitchen,   505. 

dresser  for,  507. 
fittinss,    505. 
fiour-bin,    505. 
specifications   for,   776. 
"Parker"   metal    comer-oead,    362. 
Parquet-flooring,    5^0. 

agencies    for   laying,    532. 

designs,    531,    532. 

effect  of  moisture,   530. 

fire-proof   buildings,    533. 

"herring-bone,"    531. 

laying    and    finishing,    532,    535. 

method  of  working,  530. 

patterns,  531. 

prices,  532. 

scraping,  531. 

steel-woven,  533. 

veneer-scraped,   532. 
Parquetry,   fancy,   534. 
Parquetry-flooring,    330- 

agencies  for  laying,   532. 

cost  of,   535. 

definition  of,  534. 

dryness   necessary,    536. 

fancy,   designs  of,   534. 

filling   and   varnishing,    532. 

laying,   535. 

method    of   securing   to    subfloor,    535. 

prices,  532. 

sheathing-paper   for,    535. 

steel-woven,    534. 

subfloors   for,    535. 

"wood  carpet,*    534. 
Parquetry-strips,    534. 


Partition-heads,  139. 
Partitions,    bearing,    continuous,    133. 
bearing,    sizes  and   spacing   of   studding, 

131. 
sliding  doors  in,    141. 

brick  buildings,    138. 

bridging,    140,   141. 
wainscoting,    141. 

building  of,    131,   132. 

Cabot's  "deadening  quilt,"  141. 

cellar,   specifications,    780. 

coiling,  casings  of,  458. 

horizontal,  452,  453.  454,  555,  556. 
prices  of,  4^8. 

prices  of  "Wilson"  type,  452. 
coiling  vertical,  452,   456,   457,   458. 
cost  of,  4«8. 

correct  method,    132. 

discontinuous,    non-bearing,    135. 

doubled  doors  in,  406. 

fire-proofj   428. 

fire-resistmg,    422,    741. 

fire-stops  in,  142,   143,  350. 

flexifold,   prices  of,  458. 

floor-supports,    683. 

heads  and  floor-beams,   139. 

heads  of  openings,    140. 

intersecting  comers  of,    139,    140. 

mice-stops    for,    350. 

mill-construction,    741. 

mineral   wool    packing,    349. 

parallel   with   joists,    133,    138. 

pipes  in,   141. 

right-angles   to   joists,    137. 

rolling    (see   Partitions,   coiling). 

sashes,  metal,   425. 

side-lights,  metal  doors,  434. 

sizes   and   spacing,    131. 

sliding- doors  in,    141. 

sound-proofing,    141. 

specifications    for,    748,    js%,    762,    789. 

staggered,    sound-prevention,    141. 

steel-beam    supports,    138. 

studding,   sizes  and  spacing,    131,   140. 

supports  for,   131  to  138,  683. 

supporting  floor-joists,   683. 

supporting  galleries,   680. 

supporting  joists,    135. 

tile,   door-frames  for,   403. 
hollow,  steel  doors,  435,  456. 

trussed,   138,   140. 

two-story,    1 3^. 

wood  bucks  in  brick  walls,   421. 

wooden,    joining    brick    walls,    140. 
Pavements,   glass   for,    2^7. 
Payne's   process,    preserving   wood,    36. 
Payson     Manufacturing     Co.,     transom-fix- 
tures, 617. 
Peabody  &  Stearns,  floor-supports,  7 
Pearson  Co.,  J.  C, 

adhesive  resistance  of  nails,  855. 

cement-coated    nails,    542. 
"Pepperage"    (see  Gum). 
"Perfection"    barrel-swing,    505,    508. 
Perfection  Metal  Bar  Co.,  store-front  con- 
struction,  22^. 
Perkins,     Frederick     W.,     inside-conductor 

design,   290. 
Persimmon,  75. 
Philadelphia,    Pa., 

Bell       Telephone      Exchange      building, 
metallic   doors,   426. 

Chestnut    Hill    Academy,    running-track, 
680. 

Odd     Fellows'     Temple,     window-design, 
108. 
Physical  properties,   wood,   2. 
Pianos,  dimensions  of,  518. 
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Pianos  (continued). 

hinges  for,  554. 
Piazzas,  construction   of,   304. 

specifications  for,  747. 

specifications,   753. 
Picea  (see  Spruce). 
Pice  a  alba   (see  Spruce,  white). 
Picea  engelmanni  (see  Spruce,  white). 
Picea  nigri  (see  Spruce,  black). 
Picea  rubens   (see   Spruce,   red).^ 
Picea  eitchenns   (see  Spruce,   Sitka). 
Picture-frames,   metal,   428. 
Picture-moldings,   407,   482,   483. 

specifications,   772. 

wood  cornices,  478,  479.  ^ 

Pilaster, 

door*opening,  colonial,   410. 

heavy,  407. 
Pilaster-casings,  407. 

door-frame,  409. 
Pilaster-finish,    door*openings,    400,   404. 
Pilaster-treatment,   407. 
Piles, 

woods  used,  30,  45,  48. 
Pine,  2,   5.  37  to  4f: . 

character  and  qualities,  37, 

color,  change  of,  9. 

Cuban,  41. 

eastern    white,   properties   and   uses,    37, 

^  3?.  39. 

hard,  ^9  to  42. 
floormg,  519. 
quarter-sawed,   25. 

kiln-drying,  14. 

loblolly,    properties   and   uses,   41. 

long-leaf,   properties   and   uses,   40. 

medullary  rays  in,  3,   18. 

Norway,  properties  and  uses,  39,  40. 
flooring,   537. 

pitch,   M.      . 

resm  ducts  m,  2. 

resinous,  effects  of  tapping,  42. 

sections,   5. 

short-leaf,    properties   and   uses,    40,    41. 

soft,  37  to  39* 

strengtn  of,  4. 

sugar,   39. 

summer-wood  of,  4. 

use   for  building,   37. 

weight  of,    10. 

western  white  (known  locally,  also,  as 
"soft  pine,"  "silver  pine,"  "white 
pine,"   "mountain   pine  '),   39. 

western  yellow,  41,  42. 

white,   annual   rings,  4. 
drying,   rate  of,    15. 
floorinjc,    519,    527. 
Pintles,    mill-construction,    734. 
Pinus   (see  Pine). 
Pipe-columns,  696,  697,  698. 
Pipes,   conductor,   260,   286. 

hot-air^    141. 

plumbing,    1 41. 
Pitch-pockets,  22, 
Pith-fibers,  2. 
Pith-ravs,  oak,  white,   63. 
Pivoted  windows,   212. 
Pivots,  doors  hung  by,   390. 
Planks,   thickness  of,   25. 
"Planning   and    Construction    of   American 
Theaters,"     inclination     of     galleries, 
670. 
Plaster,    exterior,    repainting,    800. 

painting  and   varnishing,    805. 
Plaster-blocks,    tile    foundation,    343. 
Plaster-boards,    tile    foundation,    343. 
Plaster  cornice,   furring  for,   358. 
Plastering,   362,    363. 


Plastering  (continued), 
back-plastering,    351. 
Platanus  (see  Sycamore). 
Plate-bolt-anchor,    116. 
Plate-rail,  472. 

wainscoting,    475. 
Plates,    mill-construction,    734. 
porch,     305. 

rafter,   outward  thrust,    162. 
wall,   brick   building,    120. 
built-up,    1 03. 
width  of,    102,    193. 
Plinth-blocks,   door-openings,  409. 
Plinths,    413. 

Plumbing,    provisions   for,    503. 
Poles, 
woods  used,   chestnut,    57. 
cypress,    51. 
Douglas  fir,  45. 
red  cedar,   49. 
southern  white  cedar,  48. 
western   red  cedar,   50. 
Pomeroy,    Daniel,    residence,    azc,    217. 
Pope,  John   Russell,  cornice  and  freize  of 

residence,    277. 
Poplar  (see,  also,  Cottonwood),  5. 
characteristics   and  uses,   68. 
flooring,    519. 
"Poplar"     (a    market-term    for    basswood, 

see     Basswood). 
"Poplar,   bay"    (see  Gnm). 
Populus    (see   Poplar). 
Popuius  granditeniata   (see  Poplar). 
Porches,  against  brick  walls,  306. 
balusters,   312. 
classical    types,    305,    308. 
columns  for,  311. 
finishing  of,   309. 
specifications,   312. 
wooden,   309^   312. 
construction  ot,  304. 
cornices,  312,  313,  314. 
details  of,   305,   307. 
facing   south,    313. 
finish,  308. 
flooring,  306. 
floors,   108. 

foundations,    306. 
framing    of,    305. 
gutters  and  conductors,   312,   3x3. 
lattice,   306,   307,   308. 
plate,    enclosed,    305. 
post-oases,   308. 
post-caps,  308. 
posts   lor,   308,   310. 
circular,   305. 
square,    305. 
woods  used,  308. 
rails,   312. 

rean    specifications    for,    754,    7(^3. 
roo  f-ba fcony,    3 1 4. 
roof -railing,   314. 
roofs,   rafters,    305. 
railing  above,   313. 
specifications    for,    747. 
steps,   306. 

superstructure  of,  308. 
Port  Jervis,   N.   Y.,  Public  Library,  door- 
frames, 403.  ^ 
double-hung  window-design,    186. 
Portland  cement,  post-plates  bedded  in,  686. 
Port    Orford   cedar    (see   Cedar,    Port   Or- 
ford). 

Post,    Posts,     1 01. 

basement,   686. 
built-up,    369.  ^ 
carrying-capacity,    684. 
concentrically  loaded,  692. 
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Post,  Posts  (continued), 
connection   of   brace,    loa. 
connection   of   girt,    zoa. 
cross-section,    684. 
Douglas  fir,  684. 
eccentrically    loaded,    69a. 
fitted   with   post-caps,    686. 

Sallery-roof  supports,  677. 
eavy  framing^  684,  68c. 
holes  for  ventilation,  604,  686. 
materials   used,   684. 
mill-construction,  736,  733. 
oak,  dry  rot  in,  684. 
porch,  305.   308,   3x0,   313. 

specifications   for,  746. 
section  most  economical,   90. 
size  governed  by  studding,   loz. 
specifications  for,  746,  760. 
wooden,  6i4. 

mill-construction,  726. 

bracins  to  girder,   700. 

metal  oraces,  701. 

steel   base,   693. 

wooden  braces,  700. 
woods  set  in  ground,  black  locust,  30. 

chestnut,   30,   57. 

cypress,   30. 

Douglas   fir,    30. 

highland    live    oak,    66. 

pitch    pine,    30. 

redwood,  30. 

white  cedar,  30. 
woods  used,  Douglas  fir,  30,  45' 

incense  cedar,  49. 

long-leaf   yellow   pine,   30. 

red  cedar,  48. 

southern   white  cedar,   48. 

western  juniper,  49. 

white  oak,   ^o. 
Post-bases,      mill-construction, 
729,  730,  731. 
steel,  69a. 
Post-caps,  adapted  to  special  framing,  690. 
approved  by   underwriters,   690,   691. 
bearing-area,    69a,    693. 
cast-iron,  687,  690,  691,  694. 
continuous  post,  689,  690. 
cylindrical  columns,  692,  737. 
details  of,  687. 
dowels,    688. 

'Duplex*'  combination,  691. 
'Duplex"   steel,   688. 
'Duvinage,"  686,  688. 
forged  steel,   691. 
four-way,   688. 
'Goetx,*^   686.  688. 


69a,      738, 


«fi 


«i 


"Ideal/"  steef,  601* 
malleable-iron^  689, 


690. 


mill-construction,  728,  739,  7jo,  731,  733 


one-wav    ''Duplex 
pipe-columns,  692. 
side-plates,  688. 
"Star"  steel,  689. 
steel,    690,    692. 
three-way,  688. 
two-way    "Duplex" 
"Van  Dorn"  steel. 


steel,    688. 


steel,    687. 
691,  699. 


tion,  295. 
Prices  of  woods,  86. 
Prima  vera   (see   Mohogany,   white). 
Priming,  specifications  for,  V56,  766. 
"Principal   Species  of  Wood,"  walnut. 
Prism-glass   (see  Glass,  prism). 
Privy,    specifications    for,    759. 
Properties  of  wood,  a. 


70. 


Prunus   (see   Cherry). 
PseudotsMga  taxifolta   (see  Douglas  fir). 
"Puget  Sound  pirie'*  (see  Douglas  fir). 
Pulleys,    dumb-waiter.    508. 

sash   (see  Sash-pulley;. 
Pulley-stiles,    185,   410. 

cores    for   bronze-covered,   418. 

single-light  windows,   195. 

sliding  olinda,   449. 

thickness,    184. 
Pullman  Manutacturing  Co.,  sash-balances, 

638.   639. 
Pulls,    door,   sliding,   596. 

drawer   (see  Drawer-pulls). 
Pulp,   wood,    I. 
Pulpit-platforms,   673* 
Purlins,    146. 

roofs,   163. 

sizes,   common,  90U 
Push-plates,    551. 

double-action  doors,  550. 
Putting  up  the  finish,  374. 
Pyrono  Process  Co.,  Columbus  Ohio,  doors, 

„      394.    395- 
Pyrus    (see   Apple). 

Q 

Quarter-sawing  of  lumber,    19,   34,   25,   62, 

$20. 

}uercus    (see   Oak). 
>uerciis  primus   (see  Oak,  chestnut). 
fuercus  rubra   (see  Oak,  red), 
(uilt,    Cabot's   deadening,    141,   346. 
^uirk,  375. 


Rafters,   boxed,  2S2. 

cross-furring,    353. 

framing  of,   149. 

jackj    146. 

maximum  spans,  8a6. 
tables  for,  828,  834,  835. 

ornamental   ends,   a9a. 

plates  for,   162. 

reinforced-concrete,   378. 

sizes,   90,    149. 

spacing,   148. 

specifications,    748. 

supports  for,   146,  X63. 

trussing,    161. 

tying  to  floor-joistt,  150. 

valley.    146,    149. 

wall-plates  for,   1^9. 
Rai^gle-blocks,   flashing   into,   33J. 
Rail,  chair  (see  Chair-rails). 

doors.  387,  388. 
holIow-steel,   436. 

running-tracks,  681. 

sash,   218. 

window,   419. 
Railing,   church-gallery,   675. 
Railings,  gallery,  trusses  concealed  in,  68o« 

porch,  3",  313,  314. 

stair,   4^2. 
Railroad-ties,    woods   used,  chestnut,   37. 
chestnut  oak,  64. 
Douglas   fir,   4s. 
oaks,   63,    64,   65,   66,   67. 
redwood,  53. 
western  iunipen  49. 
Rapp   Co.,   John   W.,   metal-covered   wood, 

4x5. 
Raymond  Lead  (^.,  saah-weigbts,  637,  638. 
Rays,    medullary,    3. 

oak,  3,  x8. 

pine,  z8. 
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Rajri,  pith,  oak,  white,  63. 

Redwood,    common,    properties    and    uses, 

51,   53- 
fire-proof  qualities,    «6. 
ffiant,   properties  and  uses,   5a. 
lumber,   wncre  produced,   51. 
siding    of,    300. 
Reeding,  375. 
Resin-ducts,  a. 
Resonance  of  wood,  9*   10. 
Revolving  doors  (see  Doors,  revolving). 
Rhus    integrifoHa    (see    Mahogany). 
"Ribbons,"   or    false   girts,    94,    loa. 
Richards-Wilcox   Manufacturing  Co.,   door- 
hanger-adj  ustments,  577. 
hangers,    <7i.    57a.    575f    57^,    577- 
hardware-data,    539. 
Ridge-pole,    146. 
Ridges,    roof,   325. 
Rings,  axvnual,  3,  4. 
Rise,    stairs,    485. 
Risers,   491. 
number   required,   485. 
plate-iron,  671. 
stair,    499. 

steppings  in  theater-galleries,  671. 
Rivets,   hollow,  metal  doors,  424. 
Rivin^ston,    "Notes   on    Building  Construc- 
tion,*' Mansard  roofs,   151. 
Rixon   (Jompany,    Oscar   C,   sash-adjusters, 

647. 
Roberts   running-track,   681. 
Roddis  Lumber  and  Veneer  Co.,  veneered 

doors,   392. 
Roof -blocks^    Davis,    salt-glazed,    187. 
Roof,   Roofs, 
bell-shaped,    1 56. 

calculating  size  of  special  timbers  150. 
ceiling-spaces,    354. 
church,    mill-construction,    740. 
clav  or   metal  tiles,    145. 
collar-beams,   150. 
composition,   337. 
conical,    1 56. 
construction  of,    143,   146,   149. 

diagrams,    144. 
"Natco"tile  walls,  279. 
copper,   337. 

curb    (see,    also.    Roofs,    Mansard,    gam- 
brel). 
construction-details,    153. 
dwarf   partitions.    154. 
rafters  supported  by  purfins,  154. 
types  of,  150*  151,  1$^' 
deck,   145,   146. 
dormer,   316. 

openings  for,   150. 
"flat,"   143. 
framing   of,    146,    147,    148. 

specifications  for,  761. 
framing-plans,  146,  148. 
"French,"    145. 
gable,   145. 

gambrel    (see,    also.    Roofs,    curb,    Man*, 
sard), 
attic-space,  145.  , 
construction-details,    151,    X55> 
detail  of  finish,   328. 
types  of,   14s,   153,   I53« 
gravel,  337. 

specifications  for,  767^  768. 
"hipped."     146,    x6i,    162,    263. 
"lean-to,"    145. 

Mansard    (see,    also,    Roofs,    curb,    gam- 
brel), 145.  »46;      , 
advantages  and  disadvantages,  isi< 
construction-details,    153,    154,    155. 
comicet,    projecting,    is6. 


Roof,  Roofs, 
Mansard   (continued), 
dormers,   x6o. 
exterior  design,    152. 
flutters   for,   259. 
inflammable,   151. 
invented  bv,   150. 
mercantile     builcfings,     mill-construction, 

mill-constniction,   733,   736,   739,   740. 
mineral-wool  packmg,  349. 
octagon,   162. 
pitch  otf  143. 

conditions  considered,  144. 

dwellings,   churches,   etc.,    144. 

shingle,   145. 

slate,  14  c. 

tile  roo»,    145. 
mill-construction,    740. 
porch,  305. 

angle-posts,    313. 

balcony  on  top,   314. 
.railing  above,   313. 
purlins   for,    146. 
self-supporting,    149. 


shape  of,   143. 
sheathing   ot,    169, 


273. 


■shed,"    145. 
shingled,    321. 

against    stone    gable-wall,    332. 

"close"    valley,    330. 

cresting  of,    325. 

deck-molding,   328. 

flashings,   329,   330. 

hip-rolls,    327, 

mp-shingles,    327. 

hips,    methods    of    finishing,    325,    326, 

„       327»    32S. 

"open"   valley,   330. 

ornamental  cresting,  325. 

pitch    of,    145. 

paper  lining,   323,  324. 

ridges.    125,   326. 

"saddle-boards,"  325. 

under  a  deck-roof,   328. 
skylight,  320. 
slate,    ^37. 

flashings  for,  329. 

pitch   of,    145. 

sheathing,   169. 

specifications   for,    768. 
snow-guards  for,   334,  335. 
specifications   for,   747. 
supports  for,   149. 
tile,   337. 
^  gutters,   276. 

timbers  for,  weight  of  roof,  iso, 
tin,  double-lock  seam,  335. 

flashing,  336. 

"flat   seams,"   335. 

laying,  335. 

methods  of  fastening,  336. 

painted,   336. 

preparation    for,    335. 

provisions  for  expansion,  336. 

sheathing,   1 69. 

"standing  seams,"  336. 

under  side  painted,  335. 
trusses,   specifications   for,   788. 
trussing  tor  wide  span,   161. 
types  of,   145. 
valleys,   330. 

valley-rafters,   strength  of,    149. 
water  from,   260. 
wide  span,  161. 
wind-pressure,    144. 
Roofing,  321. 
shingles,    322. 
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ftoo^g, 

shingles    (continued), 
specifications   for,    750. 

slag,    a8o. 

slate,   32a. 

specifications    for,    767. 

superintendence  of,  337,  339. 

tiles,  322. 

tin,    superintendence    of,    339. 
Roof-paper,   floor-lihing,   342. 
Roof -railing,   porch,    314. 
Roof -trasses,    specifications    for,    788. 
Roof -ventilator,   stable,   2^5,   277. 
Roots,    absorption    of    juices,    3. 
Roses,   locks,   603,    604,   606. 
Rosettes,   door-openings,  404. 
Rosewood,   81. 
Rot  in  timber,  32,  33. 
Rough   boarding,    168. 
"  i,Taf  e 


loads  for,  table,  844. 
681.   682,   68^. 


Round  rods. 

Running-tracks,    w^.,   w^-,   w^^. 
Russell  &   Erwin   Manufacturing  Co.,  ball- 
bearing spindle,  606. 

cupboard-door  catch,  655. 

door-checks,  625. 

drive-screens,    545. 

floor-binges,    569. 

hardware-data,   539. 

knob-mounting,     608. 

mortice-lock,    589. 

night-latch,    603. 

sash-adjusters,  647. 

shutter- worker,    653. 

wrought-steel    butts,    558. 
**Rutty"    wall-plugs,    278. 

8       - 

"Saddle-boards,"    325. 
Saddles,    chimney-flashing,     331. 
Safety-treads,   501,   502,   50^. 
St   Louis,   Mo. J   Bank  of  Commerce  build- 
ing,  metallic  doors,  426. 

Museum    of     Fine    Arts,    floor-supports, 
706. 
"Salamander,"  fire-proof,  130. 
Samson   Cordage  Works,   sash-cord,   632. 
Sandpapering,  floors,  530. 
San    Francisco,   Cal.,    building   laws,    metal 
finish   in   buildings,   415. 

Crocker    building,    floor-supports,    706. 

First    Nat.    Bank    building,    hollow,    steel 
doors,  427. 

Kohl    building,    metal-covered    trim,    418. 

Royal  Insurance  building,  metallic  doors, 
426. 
Sap  of  trees,  3,   11. 
Sap-wood,   color,  9. 

definition,   3. 

shrinkage  of,  20. 
Sargent  &  Co.,   door-pulls,    551. 

door-stops,    627. 

"Eclipse"   door-check,   624. 

frictionless    hinges,    560. 

hardware,    539,    781. 

locks,   S9S>   598. 

sash-lift,    643. 

Bcreen-door  catch,  622,  623. 

turnbuckle,  644. 

"Union"-lock,  596. 
Sargent,    Chas.    Sprague,    "The    Silva    of 
North    America,"    varieties    of    timber, 

37' 

Sash,  Sashes,  218. 

"Bolles' "    patent,    revolving,    198. 
bronze-covered,  cores  for,  418. 
casement,   205. 

Kalamein-iron-covered,  422. 


Sash,  Sashes   (continued), 
construction-details,    218. 
double-glazed,     1 92. 
double-nung,    186,    188. 

bay    windows,    214. 

metal-covered,  421. 

shutters,    folding,   447. 

shutters,   inside,   443. 

strengthening  of,    2x9. 
four-light,   218. 
glass  in,  how  secured,  219. 
hollow,    metal,   422,  428,  429,  432. 

ccnstruction  approved  by   Fire   Under- 
writers,   430. 

glazed,  429. 

pivoted,   429,   430. 

size  of  glass,  429. 
inspection    of,    537. 
Kalamein-iron-covered,  419,  421. 
metal,  414. 
metal-covered,   414,    416,    417,    418,   419. 

moldings  for,  421. 
moldings,   shape   of,   219. 
muntins,    218. 
one-light,  218. 
partition,   425. 
pivoted,    212,   213,   315,  429. 

specifications   for,    785. 
pull-plates,  643. 

pulleys  for,  628,  630. 
rails,   218. 
rebated,   204. 
revolving,    198,   201. 
single,  hardware  for,  643. 
size  of  glass,   429. 
skylight,  318. 
sockets,   643. 

specifications  for,  756,  766. 
stiles,   218. 
stock,   218,  219,  220. 
storm^  (see   Storm-sash), 
superintendence  of,  249. 
tenon,    thickness   of,   210. 
thickness  for  plate  or  leaded  glass,  2191 
transom,   192,   196,  204. 
two-light,    218. 
weight,  how  figured,  635. 
weighed   for   sash-weights,   657. 
wide,   metal-covered,   421. 
woods   used,   cedar,   31. 

cypress,  31,  50. 

Douglas  fir,   31,   46. 

larch,  31. 

poplar,    31. 

sugar  pine,   31. 

western  red  cedar,  50. 

western    white    pine,    31. 

western    yellow    pine,    42. 

white  pine,  31. 
wooden,  material  used,  219. 
Sash-adjusters,   "Bulldog,"  647,  648. 
"Holdfast,"   647. 
"Outside-In,"  casement  window-cleaner, 

647. 

pivoted   windows,   646. 

'^'Sperry,"    647. 

"Yale,"  646. 
Sash-balances,  215,  638,  639. 

advantages,    638. 

bay  windows,  215. 

"(Taldwell."  638,  639. 

"Pullman,"    638,    639. 

springs,    638. 

where    used,    638. 
Sash-bars,   218. 

coped,   369. 

early   types,   store-fronts,   221. 

metal,  4^^ 
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Sash-bolt,  ventilating,  64J. 
Sash-centers,  details,   619,  647. 
Sash  chain,  cable,  633. 

double-hung  windows,   195. 

flat-link,   63a. 

"Monarch,^   63a. 

revolving  sash,   198. 

tests  of  strength,   634. 
Sash-cords,    £otton,    630. 

installation,  657. 

leading   brands,   633. 

revolving   sash,    aoo. 


"Samson."    ^32. 
"Silver   Lake,^*   63a. 


tests  of  strength,  634. 

"U.   S.  Spiral."  63a. 
Sash-doors,    hollow,   steel,   436. 

Kalamein-iron-covere<L   420. 
Sash-fasts,    639,    640,    641. 

adjustment  of,  6^7. 

"Cam,"  construction  of,  640. 

requirements,    639. 

self -locking,   641. 

specifications   for,   665. 

wrought-metal,  640. 

"Yale,"  screw,  641. 
Sash-fixtures,  20  z,  aoa. 
Sash-lifts,    bar,    64a. 

flush,   642. 

hook,  642. 

lock,  combined,  642,  643. 

ordinary  hook,  642. 

specifications   for,   785. 
Sash-locks,    641. 

lift  combined,  643. 

specifications  for  785. 
Sash-pulleys,   antifriction,   629. 

axle  of,   628. 

ball-bearing  axles,   630. 

counterbalanced,    629. 

finish  of,   629. 

"Gardner,"    628,    629,   630. 

"Grant,"    630. 

installation,  657. 

"McQueen,"  630. 

"Norris,"  62S,  629. 

metal-covered  sashes,  4x9. 

noiseless,  629. 

overhead,   200,   579,   628,  630,  631. 

roller-bearing,    579. 

"Shull's,"   630. 

side,  200,  628. 

size  of,   628. 

various  grades,  629. 

"Wateon,"    630. 
Sash-ribbons,  cost  of,  633. 

material  used,   633. 

overhead  doors,  579. 

sizes  of  pulleys,  63^. 
Sash-stiles,   core    for    oronze-covered,   418. 
Sash-stop,    adjusters,^  643. 
Sash-weights,   bay   windows,   215. 

boxes,  details  of,   636. 

flat,  635. 

installation,  657. 

iron,    635. 

lead,  637* 

compressed,   638. 

revolving  sash,   aoo. 

sectional,   635. 
"Sanbom,^*"  637. 

tjrpes  of,   636. 
Sassafras,    76. 

Satin- walnut   (see  Gum,  red). 
Satin  wood,   81. 
School -houses,  hangers  for  doors  of,  583. 

locks  for,   595. 

sash-fixtures   for,    aoa. 


Schoolrooms,  sliding  blinds,  4^ 

sliding-doors,  578. 
Schweinfurth,    J.    A.,    cornice    and    baltis- 
trade,  2$  3. 

cornice-design,  271. 
Screen-doors,  catches  for,  62a,  6a3. 

hardware  for,  6a  i. 

hinges   for,    553. 
Screws,    American   gauge,    545. 

coach,  545. 

dowel,  54^. 

finished  similar  to  hardware,   544. 


gauge,   American,   545. 
gold-plated,    544. 
hand-rail,    498,    545. 


hollow,  metal  doors,  434. 

lag.   545. 
nickel,   S4A. 

round-headed   in   coiling   partitions,    454. 

silver,   544. 

substitution  for  nails,   543. 

used  in  best  hardwood  finish,  414. 

various  types,  543,  544. 

where  used,  543. 
Scribing,    374. 
Scuttles,   framing  of,   321. 

glazed,    wood,    317. 

specifications    for,    750,    763. 
Seasoning  of  timber,    12. 
Seats,  dimensions  of,  s^7- 

specifications,  775. 
Seagwich  Works,   dumb-waiters,   510. 
Seattle,    Wash.,    Hoge    building,    metal-cov- 
ered trim,  416. 
Seeley's    process,    preserving    wood,    36. 
Sequoia  (see   Ralwood). 
Shakes   in   timber,   21. 
ShankS;    lock,   adjustable,    609. 
Sheathing    (see,   also.    Wainscoting, 
matched). 

asbestos,  347. 
cost   of,    348. 
fire-stop,  350. 

diagonal,    168. 

matched,    25. 

nails  for  54a. 

plank    for,    294. 

roof,   27^,  278. 

for  shingle,  slate  or  tin,   169. 

side   walls,    z68. 

specifications    for,    748,    763. 

superintendence  of,  248. 

tin    roofs,    p35. 

western  yellow  pine,  4a. 
Sheathing-felts,  302. 

Sbeathing-paper,   181,  a  16,  30a. 

asbestos^    noor-linings,    347. 

floor-Iininjg,    347. 

how  applied,  ^03. 

parquetry-flooring,   535. 

qualities  required,  302. 

roofs  lined  with,  323. 

rosin-sized,   303. 

special    i>urposes,    347. 

specifications  for,  753,  779. 

superintendence  01,  338. 

tarred,  objections  to,  303. 

tin   roofs,   335. 

wall-shingling,    ^02. 

window-casing,  how  placed,   x8i. 
Sheathing-quilts,  302,   303. 

asbestos  covering,   346. 

composition,   345. 

cost,  346. 
Sheds,  over  sidewalks,  721,  72a. 
Sheet-metal,  doors  and  frames,  42a. 
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Shelf  •hangers,   I-beam,   128. 
Shingling,     gable*     specifications     for, 

wallf  301. 

specifications  for,  752. 
Shingles, 
asbestos.   337. 
cedar,  aipped,  33a,  323. 
color-treatment,    322. 
cost  of  in  different  woods,  322. 
cypress,   322. 
'dimension,"  301,  323. 
durability    of,    323. 
exposure  to  weather,  324. 

grading,    323. 
ow  sold,  28. 
laying,  324.  325. 
number  per  square  of  roof,  325. 
outside  walls,  299. 
pine,    322. 

quantities  required,   325. 
random  widths,  323. 
red-cedar,  322. 
redwood,   323. 
roof,   321. 
sizes  of,  322,  323. 
specifications   for,   752. 
spruce,  322. 
staining,   792. 
tin,  flashing,  331. 

specifications    for,    753. 
wall,    301. 
wall-covering,  301. 
walls  of,  belt-courses,  298. 
white-cedar,   322. 
woods  used  for,  321,  322. 

cedar,   30. 

cypress,  30,  51. 

incense  cedar,  49. 

red  gum,  58. 

redwood,  30,  52. 

western  red  cedar,  50. 

white  pine,  30. 
Shipworm,  34. 
Shittim-wood,  76. 

Show-windows,  pipe-columns  for,  697. 
Shrinkage  in  wood,  x6,  17,  20. 
effects  of  in  bases,  464. 

hardwoods,   19. 

heart- wood,  19,  20. 

sap-woods,   20. 

softwoods,    19. 
wainscot-paneling,  467. 
Shutter-bars,   647,   640,   649. 
Shutter-boxes,  445. 

shutters,   inside,  443. 
Shutterflaps.    648. 
Shutter-knobs,    6^7,   649* 
Shutters    (see,   also.    Blinds), 
adjusters    for,    653. 
fire.  428. 
folding,    447. 
inside  (see,  also.  Blinds),  442. 

advantages  and  disadvantages,  442. 

cost,  463. 

details  of.  446. 

fine   dwellings,   442. 

folding,  443,  446. 

folding  in  recess  in  wall,  446. 

hardware    for,   647. 

panel-backs,  443. 

panels,    thickness   of,   445. 

plan  of,  ^444* 


pockeu  for,  443,  44*,  446. 
rails  and  stiles,  thickness  of, 
specifications,  772. 
splayed  wall,  445. 
tnree-fold,  649. 


445- 


Shutters, 
inside  (continued), 
three  sections,  446. 
two  sections  in  height,  446. 
wide  windows,  446. 
width  of,  446. 
specifications  for,  783. 
steel,    self -coiling,    579. 
three-fold,  649.  ^ 

trimmings,    specifications   for,   782. 
Shutter- workers,  653. 
Sideboads,  516. 
dimensions,   518. 
finish,  378. 
Sidewalks,      sheds     over,      721,      722, 
723. 
suspended,  707,  708. 
Sidewalk-platforms,    721,   722. 
Siding,  beveled,  299. 
drop,  299,  ^00. 
ends  dipped,  300. 
how  sawed,  300. 
nailed  to  studs,  301. 
"Novelty,"  299,  300. 
qualities,   first  and   second,    301. 
quarter-sawed,   301. 
rebated,  advantage  of,  300. 
regular,   300. 
specifications    for,    752. 
width,    300. 

woods,   most  durable,  300. 
woods  used,  cedar,  30. 
cypress,  ^o,  51. 
Douglas  nr,  30,  4s,  46. 
larch,  30. 
redwood,   30,   52. 
q>ruce,    43. 
western  red  cedar,  50. 
white  pine,  30. 
Sill-anchor,    116. 
Sills,  bolted  to  masonry,  99.  . 
door,   240,   241. 
frame  walls,  242. 
stone,  241. 
halved  and  pinned,  99. 
imbedded  in  cement,  99. 
secured  by  bolts,    too. 
size  of,  99. 

window,    176,   177,   x88,  410. 
bronze-covered,  cores  for,  418. 
Silver  beel  tree,  76. 
Silver   LAke   Co.,   sash-cord,   632. 
Sinks,  kitchen,  503. 
Sitka  spruce  (see  Spruce,  Sitka). 
Sizinp;,    floor-joists,    104. 
Skirting    (see    Bases). 
Skylight-glass,  238. 

Skylights,     constrtiction     of     for     pitched 
roofs,  318. 
copper,   317. 
flashing  curbs  of,  332. 
frame  supi>orts,  321. 
galvanized-iron,   3x7. 
glass  for,  238. 
moistur^on,   pi 9. 
specifications   for,    750,    763. 
wooden,   3x^. 
condensation-gutters,    321. 
details   for.   320. 
entire  root,  320. 
flashing,    3x9. 
flat  roof.  320. 
frame  ot,  318. 
glass    used,    3x9. 
greenhouses,  3x9. 
gutter  for.  ^19,  320. 
method  of  training,  321. 
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Skylights, 
wooden  (continued), 
pitched  roofs,  318. 
■ash   of,    318. 

water  of  condensation,  319. 
woods  used,  320. 
Slag-strip,   280. 

Slash  pine"    (see  Pine,   Cuban). 
Slate,   Mathews'   unfading  red,  296. 

roofing,   32J. 
Sleeper^  woods  used,  30. 
SHding-aoor   partitions,    i^i. 
Sliding  blinds  (see  Blinds). 
Sloan   &   Co.,    Frank    B..    "Norris"   pulley, 

629. 
Snelling,    G.    T.,    house   designed    by,    i87» 

278. 
Snow,  Chas.  Henry^  "The  Principal  Species 
of  Wood,"  varieties  of  timber,  37,  70. 
Snow-guards,   334. 
Snyder,    Frank   M., 

''Building  DeUils/'   161,  403,  etc. 
cornice-details,   277. 
double  doors  and  door-frames,  403. 
dormer  window,    161. 
double-hung   sash,    186,    195. 
double-hung  window,  186. 

Eble-construction,    295. 
rge  window,   206. 
oriel  window,   215. 
veneered  entrance-doors,  390. 
wooden  mantel,   516. 
Softwoods   (see,  also.   Needle-leaved  trees), 

5.    37' 
interior,   natural   finish,   803. 
shrinkage    of,     19. 
staining,   803. 
Soil-juices,    absorption    of,    3. 
Soil-pipes,  in  partitions,    141. 
Soltman,    E.    G.,    "SUndard    Documents," 

A.   I.  A.,  74^. 
"Soss"    invisible   hinge,    553. 
Sound-proofing, 
air-spaces,  403. 

deadening-materials,   346,   347. 
double  doors,  403. 
floors,   130,  344.  345. 
general,   345. 
girders  doubled,   130. 
mineral   wool,   348,   349,  350. 
partitions,    141. 
walls.     144.  ^345.     ^  ^ 
Sounding-boards,  wood  for,  10. 
Southwestern    Washingtpn    Lumber    Manu- 
facturers'    Association,     lumber    grad- 
ing-rules,    527. 
Spanish  cedar,  80. 
Spanish   tiles,    278. 
Specifications, 
angle-beads,  773. 
aprons,  769. 
arches,  775. 
architect,  744. 
ash-box,   781. 
balusters,  774. 
bases,  771. 

bath-room  fixtures,  778. 
belfry-framing,  789. 
blinds,   sliding,    772. 
brick  buildings,    carpenters'   work,    759. 
carpenters'  work  in  brick  buildings,  759. 
arches,   762. 
bay  windows,  762,  765. 
beam-anchors,   761. 
box  frames,   765. 
bridging.  761. 
bulkheads,  763. 
ceiling^  761. 


Specifications, 
carpenters'  worlr  (continued), 
cellar-windows,    765. 
corner-beads,  766. 
cutting  and  fitting,  767. 
door-frames,   766. 
dormers,    761. 

dormer-window  frames,  765. 
furring,    766. 
general  provisions,  759. 
girders,   760. 
glass,   766. 
grounds,   766. 
lintels,   762. 
lookouts,    762. 
mice-stops,   767. 
mineral-wool   lining,   766. 
partitions,  762. 
porches,  rear,  763. 
posts^   760. 

primmg  of  sashes,  766. 
privy,  759. 
roof- framing,  761. 
sashes,    766. 
scuttles,    763. 
sheathing,   763. 
skylights,   763. 

stonework  in   brick  buildings,   763. 
temporary  enclosing,  766. 
tiling,    preparation,    767. 
underflooring,   767. 
underfloors,    763. 
window-frames,  764. 
wooden   bricks,    762. 
carpenters*  work  in  frame  buildings,  745. 
belts.  749. 

blinds,    outside,   757. 
box  cornices,    749. 
box  heads,  756. 
bridging.  747. 
carpenters'  work,  745. 
general    considerations,    745. 
carving,    750. 
casement-wmdows,    755. 
cellar    hatchway,    755. 
cellar  windows,  755. 
clapboards,    753. 
composition-work,    750. 
conaucitors,    752. 
corner-boards,    750. 
cornices,  748. 

cornices  with  wooden  gutters*  749. 
counterflashing,    751. 
cutting  and   ntting,    759. 
door- frames,  757. 
doors,    paneled,    756. 
dormers,    748. 

double-hun^    windows,    755. 
finish,   outside,   748. 
flashing,    751. 
framing,  746. 
furring,  758. 

galvanized-iron  worl^  751* 
girders,   746. 
glass,   756. 
grilles,  7SS. 
grounds   for,   758. 
guarantee,    752. 
^tters,   748,   75 1, 
joists,   746,   747. 
leaded    glass,    7^6. 
mineral-wool  filling,  759* 
outside  finish,   748. 
painting,   752. 
partitions,  748,  758. 
piazza,  753- 
piazza-floors,   747. 
porches,  rear,  754. 
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Specifications, 
carpenters'  work   (continued). 

porch-floors,    747. 

posts   for  porches,   746. 

priming,    756. 

rafter-ends,  748. 

raking   cornices,    749. 

roofing,  shingle,   750. 

roofs,   main,   747. 

roofs,   porch,    747. 

sashes,   756. 

scuttles,  750. 

sheathing,    748. 

shcathing-paper.   753. 

shingles,   752. 

shingling,    752. 

skylights,   7SO. 

storm-sashes,    756. 

temporary  enclosing,  759. 

tiling,    preparation    for,    757. 

timber,  745. 

tinning,  751. 

tin    shingles,    753. 

tin  work,   751. 

nnderfiooring,  757. 

▼alleys,  751. 

verge-boards,   749. 

windows,  755. 

wood   around   chimney,   746. 

«inc,  753. 
carpet-stnps,  772. 
casement-windows,  785. 
cedar  closet,   777. 
ceiling-beams,   773. 
cellar-stairs,  775. 
cellar-work,   780. 
chair-rails,    773. 
closets,   ventilation   of,  778. 

bedroom,  777. 
clothes-chute,  778. 
clothes-hooks,  786. 
coal-bins,   780. 
cold-air  box,   781. 
contractor^  744,  745. 
cornices,  inside,  773. 
counterflashing,    769. 
cupboard-trimmings,    785. 
curb-strings,    774. 
details,   miscellaneous,    780. 
discrepancy  in  figures,   744. 
door-frames,    771. 
doors,    770. 

basement,  784. 

closet,  784. 

second-story,   783. 
door-stops,    773. 
door-trim,   772;"  783. 
double-action  doors,  783. 
drawers,    516,   778. 

hardware,   786. 
drawings,   742,   744,   745. 
dumb-waiters,   779. 
escutcheons,   782. 
explanation  of  forms,  743. 
facilities,   745. 
finials,  769. 
finish,  743. 
finishing-woods,  769. 
flashing,  769. 
floors,  protection  of,  780. 
frame   buildings,  carpenters*  work,   745. 
framing,   heavy,   786. 
French    windows,    782. 
garbage-box,   781. 
general   conditions,    742,    744. 
hardware,   658,   661,   662,   781,   782. 

form   of,    for   hardware,   663. 

methods,  659. 


Specifications, 
hardware  (continued). 

plans   I   and  2,  660. 

window,   784. 
hardwood  floors,  779. 
hardwood  trim,    773. 
hip-rolls,    769. 

importance  of  complete,   742. 
insurance,   ^45. 
interior  finish,    769. 
interior   woodwork,    390. 
kitchen-dresser,   776. 
kitchen-pantry,  776. 
kitchen-sinks,   778. 
knobs,    782. 
linen-closet,   777, 
lintels,   790. 
locks,    782. 
lookouts,    789. 
marginal  sketches,  743. 
material,    744. 

materials    indicated   on    drawings,    742. 
medicine-chest,   777^  786. 
method    employed    in    hardware,    659. 
mill-construction,    786. 
molded  ceiling,   771. 
newels,  774. 
overflowing,   779, 
painters'  work,   791. 

enameling,    805. 

exterior    galvanized    iron,    793. 

finishing,    pine   floors,   796. 

graining  new   interior    woodwork,    794. 

hardwoods,    finishing,    796. 

hardwoods,    staining,    796. 

interior  plaster,   795. 

new   exterior   woodwork,    791. 

new    interior    softwoods,    794. 

new   interior   woodwork,    794. 
enameling,    795. 

new   plaster   or   cement,    distemper-col- 
.    ors,   795- 

painting  copper,    794. 

painting  new   exterior   brickwork,    792. 

painting  new  exterior  cement,  793. 

painting    new    exterior    iron,    793. 

painting   new   exterior   plaster,   793, 

painting  new  exterior  steel,   793. 

painting  tin,   79^. 

repainting  exterior  iron   fence,   793. 

repainting  exterior   woordwork,    792. 

repainting  old  exterior  brickwork,  792. 

repainting  old  exterior  cement,   793. 

repainting  old   exterior   plaster,    793. 

restaining    exterior    woodwork,    792. 

staining  exterior  woodwork,    792. 

staining    new    interior   softwoods,    794. 

staining  shingles,   792. 

varnish-finish,    hardwood    floors,    797. 

varnishing  new  interior  softwoods,  794. 

wax-finish,  hardwood  floors,  797. 
painting,  notes  on,   797  to  810. 
pantry,    butler's,    776. 
partitions,    789. 
picture-moldings,  772, 
plumbing-strips,    778. 
roofing,  grave],  767. 

slate,  767,  768. 
roof -trusses,    788. 
sash,   pivoted,   785. 
sash-lifts,   785. 
sash-locks,   785. 
seats,    775. 
sheath  in  g-paper,  779. 
shutters,    783. 
shutters,   inside,   772, 
sliding  doors,  783. 
stairs,   774. 
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Specifications, 

stairs  (continued) 
attic,  775. 
open-string,  774. 
rear,   775. 

standard  forms  of  A.  L  A.,  743. 

steps,    winter,    775. 

stop-beads,   785. 

store- fronts,    790. 

storerooms,   780. 

thresholds,   771. 

underfloors,  789. 

Venetian   blinds,   773. 

wainscoting,   771. 

wash-trays,   778. 

window-trim,    77a. 

windows,   790. 
hardware,   784. 

wine-cellar,   780. 

work  compared   with,   538. 

workmanship,   744. 
Sperry'*  sash -adjuster,   647. 
Spindles,   knob,   604. 

attachment  of,   604. 

ball-bearing,  606. 

lock,   657. 

patent,   605. 

screwless,  605,  606,  608. 

swivel,  605. 
adjustment,  657. 

"Triplex,"    605. 
Spring-hinges    (see   Hinges,  spring). 
Spring-wood,   4,    i  o. 
Spruce,  properties  and  uses,  a,  42,  43. 

black,   43. 

flooring,    519,    527. 

grading-rules,   527. 

kiln-drying  of,    14. 

red,  43. 

resonance- wood,    10. 

Sitka,  43. 

white,   4^. 
"Spruce   nine"    (see   Pine,   Cuban). 
Spruce    Manufacturers'   Association, 

grading-rules,  527. 
Staff-beads,    shape   01,   204. 

windows,    183. 
Staircases,   finish,   376,   484. 
Stairs,    angle-posts,    48J. 

attic,    specifications    tor,    775. 

back,  486. 

balanced  steps,  487. 

balanced   winders,   488. 

balusters   (see  Balusters). 

base,  484. 

"Boston"    method    of   construction,    490. 

carriages,  484,  490,  496,  538. 

cellar,   244,   245. 

specifications    for,    775. 

circular,   487,    488. 

closed   string,   492,  493,  494. 

construction  of,   483,  490,   44^* 

cove,  484. 

curb-string,   491,   492,  496- 

"dancing     steps,  487. 

"dog-legged,"  487. 

easing,  492. 

"English"   construction,   493,   495. 

finishing  of,   491. 

fire-resisting,    hollow-metal    trim,    422. 

flight,  484. 

"full-platform,"   487,   488. 

geometrical,  487,  488,  500,  501. 
and-rails,  499. 
head- room,  489. 
inspection,  537. 
laying  out,  484. 
names  of  parts,  483. 


Stairs    (continued). 

newel,  484,  499. 

newel-posts   (see   Newel^posts). 

one  turn,  487. 

open  newel,  487,  488. 

open-string,  492,  494. 
decorative    details,    494. 
finish  of,  491. 
paneled,  495. 
specifications   for,   774. 

"Pennsylvania"   method,  496. 

planning  of,  484. 

plans    for,    486. 

porch,    306. 

public  buildings,  489,  490. 
New    York  codes,   489. 
treads,  size  of,  495. 
width,  489. 
wood  used,  495. 

ramp,  492. 

rear,  specifications  for,  775. 

rise,   484,    485. 

risers,   484,   496,  499. 

risers,   treads   and    wall-string,   491. 

round-cornered,   488. 

run,   484. 

safety-treads,   502. 

space  limited,  486. 

specifications   for,    774. 

staircase,   484. 

straight  run,  486. 

straight-run    and   platform,    488. 

stringy,  484. 

superintendence  of,   537,   538. 

treads,   370,   484,   485,   496,  499- 

wall-strings,   484,  496. 

well-room,    489. 

width  of,  486,  489. 

winders,  484. 

wooden,    construction    of,    490. 
Stairways,  tower,   no. 
Stair-wells,   489,   framing  around,   107. 
Stables,  doors  for,  381. 
Stains,    shingle,    301. 
Standing  finish,   363. 
"Stanley"   corrugated   hinge,    552. 
Stanley   Works. 

ball-bearing  hinge,   558. 

ball-bearing  wasners,  559. 

catch,   652. 

door- bolt,  614. 

gravity   hinge,   650. 

hardware,  539,  781. 

hinges,   553.   649- 

storm-sash    fasteners,    654. 
Star-leaved   gum    (see   Gum,   red). 
Star-shakes,   21. 
Steaming  of  wood,   15. 

Stearns   Lumber   Co.,    A.   T.,   cornices  and 
gutters,   251. 

cypress  conductors,   286. 

patented  conductor,   285. 
Steel,  exterior  painting,  801. 
Steel-woven   flooring,    533. 
Steps,  porch,  306. 

specincations,    775. 
Steppings,  church  galleries,  674. 

theaters,  672,  673. 

theater-gallery,  671. 

wooden.   672. 
"Sterling     laminated,   flush'veneered   door, 

392- 
Stiles,  419. 
cores   for   bronze-covered,   418. 
door,  387,  388. 
hollow,    metal   doors,   423. 
hollow,    steel   doors,   426. 
inside  shutters,  445. 
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Stiles  (continued). 

sash,  218,  369. 
Stirrup-bangers    (see  Hang^ers). 
Stonework,  cornices  built  in,  294. 

joined   to  framework,   304. 

specifications  for,  763. 
Stools,   window,   ^11. 

binged  for  sliding  blinds,  448. 

shutters,   inside,  444. 
Stop-beads,  411. 

Sliding  blinds,  448. 

specifications  for,  ^85. 
Store- fronts,  all-cast-iron  type,  225. 

all-metal   construction,   223. 

bulkheads,  "Kawneer,"  229. 

cast-iron    construction,    226,    227, 

construction  of,  221. 

early  forms  and  methods,  221. 
modern   forms  and  methods,  223. 

"Coulson"*  construction,   225. 

drainage-sill,  223. 

"Kawneer"  construction,   228. 

modern,  typical,  223. 

"Perfection,"  224. 

"Petz"  svstem,   229. 
plate  glass,  222. 
sash-bars,  222. 

specifications    for,    790,    791. 

•  Zouri"   construction,   228. 
Stores,  construction  of,  682,  683. 

mill-construction,  699,  735. 

non-fire-proof,  682. 
Storerooms,    specifications    for,    780. 
Storm-doors,   hinges  for,   553. 
Storm-sashes,   192. 

fastener  for,  653,   654. 

specifications  for,  756. 

*^Villcr'*  type,   654. 

whidow-connections   for,   654. 
Stover    Manufacturing    Co.,    "New    Ideal" 

hinge,   566. 
Stradling[,    A.    P.,    mill-construction,    724. 
Straight-joint    casing,    inside   finish,    406. 
Stresses,  galleries,  680. 

ultimate    and    working    for    woods    and 
other  materials,  837  to  842. 
Striking-plates,  adjustment,   657. 
Strikes,   lock,   antifriction,   588. 
Stubbs'   gauge,   copper   in   sheets,   287. 
StiKco,  Jacobs  residence,  277. 

tile  walls,    188. 
Stucco  finish,  outside  stud  walls,  303. 
Studding,    100,   101. 

churches,   schools,   etc.,    100. 

door-frames,   inside,   401. 

doubled  at  openings,   95. 

sizes,    90,    100. 
Subbase,   nailed  to  overfloor.   465* 
Sugar  pine   (see  Pine,  sugar). 
Summer-wood,  4,   10. 
Superintendence    (see,   also.   Inspection). 

buildings,   brick,    166. 

buildings,   wood,    164. 
bedding  sills,   165. 
bridging,    x66. 
constructional  details,   165. 
partitions,   166. 
roofs,    165. 

size   and  position   of  openings,    165. 
supports    tor   partitions,    165. 

butts,  657,  658. 

conductors,  338. 

counterfiashing,  338. 

door-frames^   248,   537* 

finish,   outside,   337,   338- 

finished   hardware,   658. 

flashing,   338. 

frames,  248. 


Superintendence   (continued). 

framework,    164. 

framing-drawings,   164. 

glass,   249. 

gutters,  tin-lined,  338. 

hardware,  658. 

^   applying,  656. 

inside  finish,  536,  537. 

laying  of  shingles,  324. 

locks,  657. 

lumber,    qualifications   of   inspector,    164. 

matters  requiring  special,   248. 

moldings,    537. 

painting,  338. 

roofing,    337. 
source  of  leaks,  339. 
tin,    339. 

roofs,    165. 

sash-cords,  657. 

sashes,   249,   537. 

sash- fasts,  6^7.' 

sash-installation,    657. 

sash- weights,  657. 

sheathlng-paper,  338. 

special,   frames,   248. 
glass.   249. 

rough  boarding,  248. 
sashes,  249. 

stairs,   537. 

window- frames,  248. 
"Surelock"  door-fasteners,   612. 
Suspended  ceilings,   under   flat   roofs,   353. 
Suspended   floors,    707. 
Suspended  sidewalks,   707. 
Suspension-rods,  floors,  705,   707. 
Sycamore,  ^  5,  69. 

California,  69,  70. 

European   (see  Maple). 

flooring,    520. 
Swamp   cypress    (see   Cypress,    swamp). 
"Swamp  pine"   (see  Pine,   Cuban). 
Sweet  birch   (see   Birch). 
Sweet   Buckeye   (see   Buckeye,   sweet). 
Swietenia   (see  Mahogany). 
Swietenia  mahogoni    (see   Mahogany). 


Tables  (of  stresses) 

maximum  spans,   joists  and  rafters,  828, 
829,  830,  831.  832,  833,  834,  835- 

relating    to    strength    of    materials,    811, 
812,  813,  814. 

safe    distributed    loads,    beams,    different 
woods,  817,  818,  819,  820,  821,  822. 

safe  loads,  columns,  836. 

strength   of  beams,   explanation   of,   814, 
81S,  816. 

ultimate  unit  stresses,   837,   838. 
"Tabor"  sash-fixture,   201. 
Tail -beams,   108. 
Tanks,  woods  used,  Douglas  fir,  45. 

northern  white  cedar,  48. 

red  cedar,  49. 

redwood.  52. 
Tannin,  cnestnut,   57. 
Tanning  extracts,   chestnut,   57. 
Tarrytown,  N.   Y.,  stable  at,  275. 
Taxodium   (see  Csrpress). 
Taxodium   distichum    (see   Cypress,   Araer> 

can). 
Teak,  81,  82. 

Tectona  grandis  (see  Teak). 
Teredo,  34. 
Terra-cotta,  copings,   294. 

cornices,  252,  294. 
Theaters,   fire-proof,.  673. 
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Theaters   (continued). 

galleries,     construction,     670,     671,     672, 
673. 
Thilmanjr's    process,    preserving    wood,    36. 
^horp    Fire-proof    Door   Co.,    *  Richardson" 

seamless  door,  417. 
Thresholds,   outside,   241. 

quarter-sawed  lumber,   31. 

specifications  for,  771. 

woods  used,  31. 
Thuja  (see  Ce<mr). 
Thuja    occidentalis    (see    Cedar,    northern 

white). 
Thuja  pkcata   (see  Cedar,   western  red). 
Tiels   (see  Bass  woods). 
Tile,    "Davisj"    salt-glazed,    187. 

Jacobs    residence,   zyj, 

^•Ludovici,"   278. 

"Natco,"    188,    279. 

placed  on  studding,  343,  344. 

roofs   of,   337. 
gutters  in,  276. 

salt-glazed,    186. 

"S"  American  red,  278. 

"Spanish,"   278. 
Tile   wall,    double-hung  window   in,    191. 

foundations    for,    343. 

stucco-covered,  1 88. 
Tilva  CBasswood),  54. 
Tiling,  preparation   for,   767. 

specifications  for,  757. 
Timber    (see,   also,   Lumber  and   Wood). 

architect    responsible    for    waste,    26. 

bearing-strength,    across    the    grain,    836. 

bled,  A2. 

broad-leaved,  37. 

characteristics  and  uses,  6,   37. 

checks  in,    18. 

chemical    substances   in,   9. 

consumption  of,   z. 

conversion  of,  22. 

cross-grain  in,  29. 

cutting  as  to  grain,  23. 

decay  of,  31. 

indicatea   by  sound,  9. 

defects  in,  21. 

definition  of,  27. 

diseased,  9. 

drying  of,   12. 

durability  of,   28,   31. 

effect  of  mobture  on,  28. 

fire-resisting,  682. 

floor,  shrinxage  of,  464. 

framing,  30,  80. 
bastard-sawed,  25. 
sizes,  90. 

specifications   for,   787. 
technical   terms,   89,   90. 
wood,  kind  of,  89. 

general  classification,  37. 

general  conditions  of,  28. 

grain,   cut   with   reference   to,   23. 

green,   weight  of,    10. 

heart- wood  strongest,   28. 

inspection  of,  28. 

i'oints  in,  716,  717. 
;iln-dr^ing,    14. 
knots  m,  21,  29. 
merchant-sizes  of,   25. 
methods  of  preserving,   34,   35,  36. 
mill-construction,    741. 
moisture  in,   11. 
odd  lengths,   25. 
odor,  cause  of,  9. 
posts,  20. 
production,  i. 
properties,  physical,  ^ 
Quarter-sawed,    19, 


Timber  (continued). 

resonance  of,  p. 

roof,   special  sizes,    150. 

rot  in,  32,  33. 

sawing  of,  22,  2^. 

seasoned,  moisture  in,  39. 

seasoning  of,   xa. 

shakes  in,  21. 

short  lengths,  25. 

shrinkage  of,   16,   19,  2<k 

sound,   odor  sweet,  28. 

special  purposes,  30. 

specifications  for,  745. 

strength  of,  4,  28,  29. 

varieties  used  in   U.  S.,  37. 

waney  edges,  23. 

weight  of,  4,  10,  29. 
Timber-merchant,    27, 
Tin,   gutter-lining,   259. 

painting,  802. 
Tin  roofs,   336. 

preparation  for,  ^35. 
Tin  work,    specifications    for,    751. 
Tobenia     donneU'Smithii     (see     Mahogany, 
white). 

Toileu,    "Eclipse-Metal"    finish,    550. 
Torus,  375. 

Towne,  Henry  R.;  "Locks  and  Hardware," 

660. 
Tracks,    sliding-door,    572. 
"Transactions  of  the  American  Institute  of 

.    Mining  Engineers,"  709. 
Transom-bars,    242. 
Transom-catches,  619. 
Transom-fixtures,  617, 
Transom-frames,   195. 
Transom-lifters,   619.  42$. 

"Richmond,"  620. 

"Simplex,"  620. 

"Yale,"  621. 
Transom-rods,    specifications   of,    665. 
Transom-sashes,     horizontal     coiling     parti- 

tions,  454. 
Transoms,  407. 

details  of,   191. 

fixtures,  617. 

hanging,   butts,   618. 

hollow,  metal,  425. 

hollow,    steel   door,   436. 

how  hung,  617. 

pivoted,  617,  618. 

sash   for,   192. 

sash-centers,  618,  619. 

"Simplex"  lifter,  617.  618. 

stone,   197,  205. 

ventilation,  618. 
Treads,  safety  (see  Safety  treads). 

stair,  409. 
Trees   (see,   also.  Woods). 

age  of,  ^. 

annual   rings,   3. 

apple   (see  Apple). 

ash   (see  Ash). 

bamboo,  2. 

bark,   2. 

basswood   (see  Basswood). 

beech    (see   Beech). 

birch    (see   Birch). 

bled,  42. 

broad-leaved    (see   Broad-leaved  trees). 

cedar    (see  ^  Cedar). 

characteristics  and  uses,  37. 

cherry   (see  Cherry). 

chestnut    (see    (^estnut). 

chinquapin   (see  Chestnut). 

Circassian   walnut    (see   Walnut,    Circas* 
sian). 

coffee  tree  (see  Coffey  %t^^)% 
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Trees  (continued). 

conifers    (see   Needle-leaved   trees). 

Cottonwood    (see    Poplar). 

cucumber   tree    (sec  (Cucumber  tree). 

cypress   (see   Cypress). 

deciduous     (see    Broad-leaved    trees). 

defects  in,   21. 

dogwood   (see  Dogwood). 

Douglas  fir    (see   Douglas  fir). 

elm    (see   Elm). 

endogenous,  2, 

eucalyptus    (see    Eucalyptus). 

evergreens,   5,  37. 

exogenous,  2,  3,  12. 

fir   (see   Fir). 

general    classification,   37. 

grain   of,   6,   7. 

growth  oi,\,  4,  s. 

gum    (see  (?um). 

hackberrv    (see   Hackberry). 

hardwoods    (see    Broad-leaved   trees). 

heart-shakes,   21. 

hemlock    (see  Hemlock). 

hickory    (see  Hickory). 

inner  layers,   3. 

knots   in    (see   Knots   in   wood). 

larch   (see  Larch). 

limbs,    grain   at,    7. 

locust   (see  Locust). 

magnolia   (see  Magnolia). 

mahogany   (see  Mahogany). 

maple  (see  Maple). 

medullary  rays,   3. 

moisture  in,   11,   12. 

mulberry    (see   Mulberry). 

needle-leaved    (see   Needle-leaved 
trees). 

oak   (sec  Oak). 

olivetree   (see  Gum,  cotton). 

Osage   orange    (see  Osage   orange). 

palm,   2,  6. 

persimmon    (see    Persimmon). 

pine    (see   Pine). 

poplar    (sec   Poplar). 

redwood    (see    Redwood). 

roots  of,  3. 

rosewood    (see   Rosewood). 

sap  of,   contents,    11. 

sassafras    (see    Sassafras). 

satinwood    (see    Satin  wood). 

shakes  in,   21. 

shittim-wood    (see    Shittim-wood). 

silver   beel   tree    (see    Silver   beel 
tree). 

slow-growing,   28. 

softwoods,    5,    37.     (See,    also.    Needle- 
leaved   trees.) 

splitting  of,  7. 

spruce  (see  Spruce). 

strongest  portion  of.  2p. 

structure,    differences   m,    2. 

sycamore   (see   Sycamore). 

tamarack   (see  Larch). 

tangential   section,    3. 

teak   (see  Teak). 

walnut   (see  Walnut). 

whitewood    (see    Whitewood). 

willow    (see  Willow). 
Trim,    "cold-drawn,"    427. 

door,  404. 

Kalamein-iron-covered,   420. 

hollow,  metal,  422,  427,  431,  432. 

hollow,  steel,  435,  436. 

interior,  metal,  414. 

Kalamein-iron-covered,    416,    419,    420. 

metal,  414. 

metal-covered,   ^16. 

metal,   en^melea,  sanitfiry,   ^22. 


Trim  (continued). 

window,  for  inside  shutters,  445. 
Trimmers    and    headers,    framing   of,    lao, 

121,  122. 
Trough-hangers,  260. 
Troughs,  eave,  252. 
Trusses,  floor,   705. 

gallery-supports,  680. 

^•Howe,"   705. 

lattice,    671. 

roof,   specifications  for,   788. 
Truss-rods,   floors,   706. 
Truss-timbers,  woods  used,  Douglas  fir,  30, 

,    45- 

long-leaf  yellow  pine,  30. 

white  oak,    30. 
Tsuga   (sec  Hemlock). 
Tsuga     canadensis     (see     Hemlock,     east- 
ern). 

Tsuga    heterophyUa    (see    Hemlock,    west- 
ern). 
"Tucker  bronze,"   hardware-finish,   547. 
Tudor  architecture,   sable,   292. 
Tulip   poplar    (sec   Whitewood). 
"Tulip  tree"    (see  Whitewood). 
Tulip-tree    wood    (a   market-term   for   bass- 
wood,  see  Basswood). 
Tumblers,  locks,  586. 
Tupelo,   59. 

gum,   black,  term   for,   58. 
swamp,   59. 
Tumbuckles,    casement-windows,    643,    644. 
truss-rods,  707. 

Turner"     patented     antifriction     drawer- 
slides,    514. 


Ulmus   (sec   Elm). 
Underfloors   (see,  also.  Floors), 
advantages  of,   340. 
base  nailed  to.  465. 

concrete,    steel- woven    flooring    for,    533. 
details  of,  341. 
how   laid,    341. 

level    for   hard-wood  floors,   340. 
lumber  used,  ^40. 

specifications    for,    757,    763,   767,    780. 
Underwriters*     doors,     details     01     hollow, 

steel,  437,  438. 
"Union"    metal    corner-bead,    361. 
United    States   Dept.    of   Agriculture, 
Forest    Service   Bulletin   No.    71, 

chestnut,   57. 
Forest  Service   Bulletin   No.  212, 

Circassian    walnut,    82. 
Forest  Service   Bulletin   No.   185, 

Columbian   mahogany,   77,   79. 
Forest   Service   Bulletin, 

data   for  timber,    37. 
Forest  Service  Bulletins  Nos.  88,   175, 


<« 


Douglas  fir,   45. 
Forest  Service   Bulletin  No.   103, 

gumwoodSj   59. 
Forest   Service   Bulletin, 

imported   woods,    76. 
Forest   Service   Bulletin  No.   10, 

moisture   in    wood,    11. 
Forest    Service    Bulletin    No.    58, 

"Red    Oak."    64. 
Forest  Service  Bulletin  No.   108, 

strength   of   timber,    29. 
Forest   Service    Bulletin    No.    95, 

"Sugar  Maple,"  60. 
Forest   Service   Bulletin   No.    10, 

table  of  shrinkage,   20. 
Forest   Service   Bulletin   No.    10, 

"Timber,"    5,   6,   7. 
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U.  S.  Dept.  of  Agriculture  (continued). 
Forest  Service  Bulletin   No.   33, 
"The   Western    Hemlock/'   47. 
Forest   Seryice    Bulletin    No.    166, 

"The   Timber    Supply/'   44. 
Forest  Service   Bulletin  No.    103, 

water  gum,  59. 
Forest    Service    Bulletin    No.    166, 

western   fir,   44. 
Forest   Service    Bulletin   No.    X05, 

white  oak,  63. 
Forest    Service   Bulletin    No.    139, 

wood-preservation,    37. 
Forest    Service    Bulletin    No.    99, 

woods  of  the  United  States,  38,  41. 
Forest    Service    Bulletin    No.    95, 
yellow   cedar,    50. 
U.   S.  Dept.  of  Commerce  and  Labor. 
"Forest  Products,"  No.   2, 

"Lath   Lumber  and    Shingles,"   71. 
"Forest   ProducU,"   No.    10, 

white  fir,  44. 
"Forest    ProducU," 
woods  for  veneers,  86. 
U.    S.   Metal    Products   Co., 
bronze*covered    doors,    417,    438. 
hollow,    metal    window- frames,    430. 
hollow,    steel    doors,    426. 
metal'Covered- wood,   416. 
sheet-metal   doors,   422. 
United   States   standard  gauge,   287. 
United    States    War    Department,    mineral 

wool  approved,  ^48. 
"Universal    process,^*     hollow-steel     doors, 

426. 
Universities,  locks  for,   598. 
Updegrove    &    Beckwith,    imported    woods, 
76. 


Valley-rafters,    146. 
Valleys,   close,   ^29,    330. 

specifications  for,  751. 
"Van-Dom"  hanger,   123. 
Van   Dom   Iron  Works  Co.,  post-caps  and 
joist-hangers,    699. 

wall-hangers,    737,    738. 
Van    Kannel    Revolving   Door   Co.,    revolv- 
ing  doors,    394. 
Veneered  doors,   387,  388. 
Veneering,    box-casing,    193. 
Veneers,  84. 

ash,  burls,  53. 

door-frames,  401. 

gum,  red,  58. 
ow  sold,   2f. 

in    wainscoting,    468. 

manufacture   of,   85. 

oak,    white,    63. 

rotary  cut,  85. 

sawed,  85. 

sliced,  85. 

thickness  of,  85. 

woods  used,   84,  85,  86. 
Veneer-scraper.    532. 

Venetian   blinas    (see   Blinds,   Venetian). 
Ventilating-devices,  sash-bolts,  642. 
Ventilation,  doors  handicap,  394. 

dry  rot  from  lack  of,  684. 

sash-bolts,  643. 

"Surelock"  door-fasteners  to  aid,   612. 

wooden  posts,   686. 

roof,   278. 
Verge-boards,  292. 

bracket-supports,    294. 

details  of^  29  s. 

frame  buildings,  39s. 


Verge-boards   (continued). 

in  gables,  295. 

specifications   for.   749. 
"Victoria"    blind    (see    Blinds,    Venetian). 
"Virginia    yellow    pine"    (see    Pine,    short- 
leaf). 
Vulcanising  process,   preserving  wood,    36. 

W 

"Wahoo"    (see    Shittim-wood). 
Wainscot<ai)a,  471. 

Wainscot-finish,  door-frame  joined  to,  408. 
Wainscot  paneling,  467,  468. 
Wainscotins,   463,   465,   469. 

base    ana    trim-connection,    466. 

bases,  464,  469. 

blackboard-connection,    482. 

blind-nailed,   475. 

brick  walls,  466. 

cabinet-makers'  method,  46^. 

cap  for,  469,  470,  471,  476. 

caps    for   dining-rooms,   471. 

casement-windows,  472. 

casing  and   cap,   477. 

chimneys,    357. 

clearance   for  shrinkage,   467. 

"Craftsman"    design,    471,    472. 

definition   of,   465. 

door  and  window,  470,  473,  474. 

double    windows,    473. 

fireplaces,  471,  472. 

grounds   for,  359. 

nails  and  bathrooms,  465. 

height,   ^65. 

kinds,  465. 

kitchens,  465. 

libraries  and  dining-rooms,  465. 


matched,  468,  47  c. 
matched  and  tiled,  470,  476. 


metal,   428. 
molded,   477,   478. 
molding  at  top,  467. 
paneled,  465,  468,  475. 

around   fireplace,  474. 

steps  and  landings,  474. 
panels  and   frames,  veneered,  467,  468. 
paneling,   469,   472. 
pantry,  465. 
plastering,   466. 
plate-rail,   472,  47J. 
relation   to  plumbing,  465. 
screws  in,   46^. 

sections   showing,   465,   466,   468. 
shop-assembled,  465.  ^ 
shrinkage-effects    avoided,    467. 
specifications    for,    771. 
stairs,    471,   472,   476. 
tile,   476. 

wood  or  tile  cap,  470. 
tiled   and   matched,   470. 
"unit   system,"   471. 
veneered,  467,   468. 
wall  tapestry-covered,  467. 
Wall, 
anchors    (see   Anchors), 
area    (see  Area-walls), 
brick,  furring,  ^54. 

porches   attached  to,    306. 
frame,  ^i. 

covering  of,   399. 

joined  to  stone,   304. 

stucco-finish,    188,   304. 
"Natco"    tile,    window-openings,    279. 
outside,  wooden.   91. 
recess    for    inside    shutters,   446. 
sheathing  for,    168. 
sound-proof,  344. 
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Wall  (continued). 

8playe<L  445. 

stone,  joined  to  frame,  304. 

stucco-nnish,  x88,  304. 

tile,   foundations  for,  34^. 
Wall-anchors,  114,  1x5,  zi6,  X17,  X19,  304. 
Wall-blocks,   "Davis"   salt-glazed,    187. 
Wall-boxes,   xi;r,   xi8,   119. 

mill-construction,  728,  729,  730,  731,  733. 
Wall-end  supports,  739. 
Wall-facing,   277. 

Wall-hangers    (see  Hangers,  wall). 
Wall-plates,   118,  146. 

brick   building    120. 

mill-construction,    728,    729,    730,    731. 

rafter-ends   rest  on,   373. 

wooden,   119. 
Wall-plugs.   "Rutty,"  378. 
Wall-shingles,  301. 

Wall-supports,   beam  and  girder,    X14. 
Walnut,  black,  ^o. 

red  gum,  sixmlar  to,  58. 

Circassian,    properties  and  uses,   82,  83. 
substitutes  for,  84. 

flooring,  519,  527. 

white,  71. 
Waney  edges,  23. 
Ward    &    Haslett,    '^Timber    and    Timber 

Trees,"  37. 
Wardrobes,   dunensions,   5x8. 
Wards,   locks,   584. 
Warehouses,   construction,   682,  683. 

non-fireproof,   framing  of,   682. 
Warren,    Chas.    P.,    carpentry-construction, 

91. 
post-caps,  733. 
sidewalk-platform,   721. 
Washington  fir   (see  Douglas  fir). 
Washstands,    dimensions,    518* 
Wash-trays,   specifications   for,   778. 
Water-closets,   door-bolts  for,  624. 
doors,  hardware  for,  623. 
hinges  for,  565. 
Water-tables,  296,  298. 
Watertown     Arsenal,     pipe-column     tests, 
697. 
tests  on  nails,  542. 
Weather-strips,    metal,   4x9. 

revolving  doors,  395. 
Weights,   sash    (see   Sash-weights). 
Weight-DOxes,    windows,    195. 
Wellshouse's  process,  preserving  wood,   36. 
Wet  rot  in   wood,   32. 

Wheelwright,    E,    M.,    cornice-design,    272. 
Whidden    &    Lewis,    woods    for    particular 

uses,   31. 
White  wood,   71,  72, 

flooring,   519. 
••Whitewood"     (a     market-term     for    bass- 
wood,    see    Basswood). 
Whitticr  Mills  Co.,  sash-cord,   632. 
Wick.  George  D.,  Youngstown,  Ohio,  resi- 
aence     of,     double    doors    and    door- 
frame, 403. 
Wight,  Peter  B.,  floor  supports,  70S. 
Wilce  Co..  T..  flooring,  51?- 
Wilce's    "Hardwood    Flooring    List,"    526, 

527. 
Willatzen   &   Byrne,    woods    for   particular 

uses,    data    furnished,    31. 
Wilier  Manufacturing  Co.,  blinds,  447,  450, 

459*  4^1- 
William  &  Byrne,  casement-window  details, 

208. 
Willow,   76. 

Wilson  Mfg.   Co.,   James   G..   blinds,   450, 
.,,459,  461,  462. 
coilmg  partitions,  454,  458. 


Wilson,  R.  K.,  steel  hangers,  864. 
Window, 
apron  for,  4x1. 
bay   (see  Bay  windows). 
"BoUes* "  patent  revolving  sash,   198. 
box  casing  for,    183,  410,  411. 
box    frames,    176,    182,    184. 
casement    (see    Casement- windows), 
casings   for,   407,   ^10. 
casings  mitered  ana  splined,  413. 
cellar,  sashes  for,  220. 

specifications    for,    7^5,    765. 
construction  of,  materials  used,  X75. 
"covering-piece,"     183. 
dormer   (see  Dormer-windows), 
double,    X7^. 

wainscoting  for,  473. 
double-hung,     box     frame     in     masonxy 
^  wall,  182. 

circular  head,   173. 

construction  of,   173. 

fire-proof   wall,    185. 

frame  building,  X93. 

head-finish,    x  73. 

jamb-details,   x8o,   x86* 

masonry  wall,   184. 

ordinary,    198. 

pockets,  X73. 

revolving   sashes,    X98. 

single   light  below  transom,   196. 

special  types,    X87,    x88,    z89. 

specifications    for,    755. 

tile   wall,    X9X. 

various   methods,    x  73. 
doweled   casings,   413. 
finish   around,   40^,   410. 
fixtures    for,    grating,    202. 
flashing,  materials  used,   x83. 

where  required,   181. 
French   (see  French  windows), 
ground-casing,  410. 
*^hand"   of,   5J56. 
hardware-specifications   for,   784. 
head  pocket  of,  19^. 
hollow,    galvanized-iron,    440,    441. 

casement- windows,  441. 

double-hung,   "Underwriter,"   440. 

pivoted  top  and  bottom,  441. 
inside  casing,    183. 
iamb-casings,    183,  4xx,  412. 
large-lights,    X97. 
materials,  concealed  parts,  X75. 

exposed    parts,    175. 
metal  frames  and  sashes,  205,  438. 
mullion,    173,    412. 


73.    412 
de,  X92. 


how  ma 

stone,    175,    X93. 

wood,    198. 

wooden   building    X9X. 
mullion-boxes,    finished,    X03. 
muntins,   sections  of,   200. 
oriel,   215,   216. 
outside  casings,   X83. 
panel-backs  in,  412. 
parting-strips,    185. 
pivoted,   2X2,  2x3,  646* 

hardware,   645. 

sash-adjusters,  646» 
plate-glass,    212. 

centers    for,    647. 
pulley-stiles,    X85. 
recessed^  412. 
sash-chains,  X95. 
sashes  for,  double-glazed,   191. 

hinged,    X95. 

hinged  at  sides,  202. 

momings  for  metal-covered,  42U 

pivoted,  17  S* 


,    inlide.  443,   ^^^,   44J,  4,6. 


INDEX 
Window— Wood. 

Window-fntnet, 
■■-"--    '-«nlinti«d). 

I«  uMd,  4a8,  43J. 


linglc-liglit,'  fine 


■kereton-ftsmei,    176, 


lor.jsi.  ?»o. 


■p«ificalion9  for.  ^Si- 

lypei    of,     171,     174, 

waiMcptinK     for,     474. 

iride,   inside  shutters  for,  446. 
Window-blind*    (»ee   Blindsi. 
Window'boltl,   spring,   610. 
Wmdow.liniifa,    sbuttcrs    inside,    ^6. 

Window-fiitture,       "Bradshiw''  *  reversible, 

Window- frames^     biind-Kop,    183. 
blinds   for.   sliding,  44S. 


double-hung.  igo. 
box  bead.  194. 
brick   walls,    iBj, 

boltow-lile.  'briclf-'v< 
masonry   wall.    184. 

double-hlTnB  'aash^^g 
"Fire-Underwriter"  1 
for  sliding  blinds.  . 
frame  wall,    176. 

inside  view,    181. 

outside   view,    iSo. 

EoHow,  mM»l."«i!'^ 


cost  of.   418. 
"FiK-Undcrwrrtti"   cvMlrii^lion, 


pivoted,  4_,. 

sfie     f*"""*  '"^  pivoted,  4 

^  hollow,   meiai  doors  with,'4 
heiabi    of  'tomie.    40a. 


I  of.  178. 


of   fr, 


need-tile  will..    ,87. 

Be,   iDaxiraiun,   439. 
'    'o'.    75S.    764. 


thJckn* 


f-openingi,    brick   buildings.    1 


Dunds  for,' 
:,   44S- 


iado»). 


Wind-p 

Wine*e„ar,    specincaiions 

Wire-gliM  Cm  Glaa^  wi,t,. 

Wire  nail,   (see  Nail.    wire). 

Wood,    woods   (see,  «]io.   Lumber,   Timber, 


s    for.   7S0: 


Trees) 

sab' 

^a'd"fe 


ildin: 


Hlgth 


Broad.fe7v!S 


ch^iD";  £."*'"■ 


eurlj^-grain,    6. 

decay.';.   .1. 
defecis   in,    ai. 


immersed  in  water,  13, 
Iciln-drKd,  weight  of,  i. 


INDEX 
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Wood   (continued). 

kiln-drying,   14. 

kinds    of    (see    Trees). 

knots  in  (see  Knots  in  wood). 

live  9. 

market-price    of    (see    Market-prices    of 
woods). 

medullary   or   pith -rays,   2,    18. 

methods  of  preserving,  34,  35,  36. 

moisture   in,    zi. 

needle-leaved    (see   Needle-leaved  trees). 

odors,  9,   164. 

production  of,   i. 

properties,   i,  2. 

protected  from  moisture,  20. 

pulpj   I. 

quality  judged  by  color,  9. 

resistance  of,   7. 

resonance  of,  9. 

rot  in,  32,  ^3. 

seasoning   of,    12. 

shakes  in,   21. 

shrinkage,  3,  16,  17  18  19,  20,  21. 

soft-woods  (see  Needle-leaved  trees). 

sounding-boards,    10. 

special  purposes,   30. 

species    (see   Trees). 

splitting  of,   4,    7. 

steaming  of,   15. 

straight-grained,  6,  8. 

strength  of,  3*  4>  ^S*  ^9' 

structure,  effect  of,  2. 

summer,    4. 

supply,    X. 

uses,    I,   72. 

varieties  of   (see  Trees). 

varieties  used  in  the  United  States,   37. 

veneers,   list  of,    84. 

wane^  edges,  23. 

warping   of,    17. 

wavy-grain,  6. 

weight,   10. 

working  stresses   for,    837. 

worms   destroying^   33. 
Wood  bricks,  specmcations  for,  762. 
Wood  carpet,   534. 
Wood-fibers,  2,   16,   17. 
Wood-louse,  33. 
Wood    Mosaic    Flooring   and    Lumber   Co., 

flooring-data,    519,    533. 
Woodwork,   interior. 

doors    (see  Doors). 

grounds    (see  Grounds). 

guarantee  of  quality,  390. 

inspection   of,    536. 

joints   in,   366. 

metal-covered,  415. 

painting  and   enameling,   804. 


Woodwork   (continued). 

painting   and   graining,    803. 

planing,   366. 

polishing^,   366. 

rough,  time  of  putting  in,  340. 

smoothing,    366. 

superintendence  of,  536. 

painting  new   exterior,   791,   797. 

painting-specifications,    791. 

repainting    exterior,    792,    799. 

restaining  exterior,   800. 

staining  exterior,  792,  799. 
Worcester,    Mass.,     Worcester    Co.     Court 

House,  hollow,  steel  doors,  427. 
Working  stresses,   building  materials,   837. 
Worms,   wood-destroying,   33. 
Wrightsville    Pa.    Hardware    Co.,    gravity 
blind-hinges,    651. 


Yale  &  Towne  Mfg.  Co.,  781. 
door-checks,   625. 
escutcheon-plates,    608. 
frictional   pivots,    619. 
front-door  lock,  595. 
"gun-spring"  hub,  588; 
"hand     of  doors,   557. 
hardware,   539. 
sash-locks,   641. 

"Standard"    front-door    lock,    594. 
*Triplex"  spindle,  605. 


««' 


"turrpt"-lock,    580. 
"Yale"   sash-adjuster,   646. 
"Yale"    locks,    588,    589,    507. 
"Yale"    paracentric,    front-door    lock,    595, 

600. 
"Yale"   sash-adjuster,    646. 
"Yale  Standard,"  locks,  front  door,   594. 
"Yale  Triplex"  spindle.  605. 
Yellow   fir    (see    Douglas   fir). 
Yellow   pine    (see  Pine,   long-leaf). 
"Yellow    Pine."     A    Manual    of    Standard 

Wood    Construction,"    521. 
Yellow-Pine     Mfgs.     Asso.,     flooring,     519. 

$21. 
Yellow-poplar    (see   Whitewood). 
York    &    Sawyer,    cornice,    roof -ventilator, 

dormer,   277. 


Z  bars,  cold-rolled,  428. 
Zinc,    flashinffs,    specifications   for.    753. 
Zouri   Manufacturing  Co.,   store-front  con^ 
struction,   228. 


/ 


ADVERTISEMENTa 


t  ,K^;if 


^^ 


v-nr*. 


